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Determination  of  remaining  life  of  rigid  airfield  pavement  generally  involves  a 
combination  of  engineering  judgment  and  results  of  discrete  test  applications  on  the 
pavement  and  subgrade.  Fatigue  of  pavement  is  almost  never  directly  observed  when 
examining  long-term  pavement  performance  of  airfields.  Observation  and  detection  of 
distress  and  response  can  assist  in  assessing  the  remaining  pavement  life  of  in-service 
rigid  pavements.  In  this  study,  accelerated  pavement  testing  (APT)  was  employed  to 
assess  the  remaining  life  of  Runway  16/34  at  Fort  Worth  Meacham  International  Airport 
in  Forth  Worth,  Texas.  A  traffic  model  was  established  using  reported  Federal  Aviation 
Administration  aircraft  operations.  The  pavement  response,  including  the  impact  of 
fatigue,  was  observed  under  super-accelerated  pavement  (SAP)  testing  with  input  from 
the  established  traffic  model.  Investigation  of  the  pavement  consisted  of  two  phases. 
The  first  phase  involved  continuous  deflection  profiles  of  the  entire  runway  using  the 
Rolling  Dynamic  Deflectometer  (RDD).  From  the  runway  deflection  profiles,  candidate 
test  locations  were  selected  and  tested  to  determine  potential  test  locations  outside  of  the 
main  runway,  as  operational  constraints  prohibited  testing  of  the  main  runway.  A 
comparison  of  deflection  responses  was  made  between  Runway  16/34  and  the  candidate 


vi 


locations.  Three  test  locations  adjacent  to  Runway  16/34  were  selected:  Taxiway  A6,  the 
South  Run-Up  area,  and  the  North  Run-Up  area.  The  second  phase  of  this  study 
consisted  of  evaluating  the  remaining  life  of  the  rigid  airfield  pavement  using  a 
reconfigured  SAP  testing  application  of  the  RDD,  referred  to  as  the  Stationary  Dynamic 
Deflectometer  (SDD).  Nearly  200,000  applications  were  applied  to  three  independent 
test  points  (center,  edge,  and  comer)  at  each  selected  test  location.  Deflection  responses 
were  measured  and  analyzed,  resulting  in  two  principal  findings.  First,  visible  crack 
development  did  not  occur  for  the  duration  of  SDD  SAP  testing  and  as  a  result  no 
subsequent  fatigue  failure.  Second,  an  acceptable  deflection  response  of  the  airfield 
pavement,  by  three  independent  test  slabs,  supporting  a  relatively  sufficient  remaining 
pavement  life.  Variations  occurred  among  the  three  test  slabs,  which  are  attributed  to 
numerous  observed  conditions  including  environment,  aircraft  traffic,  and  construction 
composition.  Based  on  the  SDD  SAP  testing,  aircraft  traffic  alone  should  not 
significantly  degrade  the  pavement  over  the  next  20-year  period.  However,  the  impact  of 
other  factors  (environmental  conditions,  subgrade  conditions,  traffic  growth,  etc.), 
combined  with  aircraft  traffic,  have  not  been  assessed  in  this  study. 

The  views  expressed  in  this  study  are  those  of  the  author  and  do  not  reflect  the  official 
policy  or  position  of  the  United  States  Air  Force,  Department  of  Defense,  or  the  United 


States  Government. 
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Chapter  1  -  Introduction 


1.1  Introduction 

Pavements  can  be  divided  into  three  major  categories  based  on  composition: 
flexible,  rigid,  and  composite.  Flexible  refers  to  pavements  composed  of  bituminous 
and  granular  materials.  Rigid  refers  to  pavements  composed  of  Portland  cement 
concrete  (PCC).  Composite  refers  to  a  combination  of  the  both  flexible  and  rigid. 
The  following  study  focuses  on  the  behavior  and  performance  of  rigid  pavements 
under  loading,  specifically  addressing  the  deflection  response  and  subsequent 
remaining  life  of  an  in-service  airfield  pavement. 

In  examining  the  response  of  pavements  under  loads,  manifestations  of 
distress  compromise  long-term  pavement  performance.  Fatigue  of  concrete  is  a  major 
concern  in  examining  the  long-term  pavement  performance  of  airfields,  which  often 
undergo  heavy-wheel  load  applications.  Early  studies  by  the  Illinois  Division  of 
Highways  showed  that  flexural  stress  induced  in  concrete  pavement  under  different 
loading  scenarios  could  be  endured  indefinitely,  provided  the  intensity  never 
surpassed  50%  of  the  modulus  of  rupture  (Huang,  2004).  These  studies  enabled 
empirical  pavement  performance  to  be  applied  to  a  theoretical  design.  Fatigue  of 
concrete  is  typically  manifested  in  the  form  of  cracking  and  can  be  the  result  of 
secondary  stresses  like  curling,  where  expansion  and  contraction  result  in  a 
temperature  gradient  across  the  depth  of  a  rigid  slab.  In  general,  cracking 
compromises  the  integrity  of  the  pavement  structure  and  results  in  reduction  of 
performance.  The  phenomenon  of  pumping,  which  occurs  when  water  and  subbase 
are  ejected  along  cracks,  joints,  and  free  pavement  edges,  is  another  common  distress. 
Although  common,  this  distress  is  often  limited  in  rigid  airfield  pavements  due  to  the 
significant  thicknesses  of  both  PCC  pavement  and  subsequent  base  and  subbase. 

In  analyzing  in-service  rigid  pavements,  determination  of  distress  and 
response  can  assist  in  the  investigation  remaining  pavement  life.  Methods  of 
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accelerated  pavement  testing  (APT)  enable  the  rapid  induction  of  loads  and  resulting 
manifestations  of  distress  (Coetzee  et  al.,  1999;  Hugo  and  Epps-Martin,  2004;  Saeed 
and  Hall,  2003).  The  aforementioned  manifestation  of  cracking  is  a  potential  visual 
consequence  of  fatigue  distress.  Other  manifestations  include  an  increase  in 
deflections  under  loading,  which  can  be  a  result  of  subgrade  deformations  and 
deterioration.  An  increase  in  deflections  over  time  establishes  a  condition  for  the 
onset  of  deterioration  of  pavement  performance.  Typical  deflection  values  produced 
on  rigid  pavements  can  range  from  trace  up  to  30  mils  (Dong  and  Hayhoe,  2002).  In 
addition,  joints,  while  necessary  for  long-term  rigid  pavement  performance  and 
control  of  expansion  and  contraction,  provide  points  of  discontinuity  where  increased 
deflections  occur  which  can  degrade  under  active  vehicular  loading  scenarios.  This 
condition  can  expedite  further  development  of  manifestations  of  distress  and  overall 
reduction  in  pavement  performance.  Joint  transfer  efficiency  enables  quantification 
of  joint  response  under  loading.  Observation  of  this  pavement  response  enables  APT 
results  to  be  quantified  and  predictions  on  future  pavement  performance  to  be  made. 

1.2  Thesis  Content  and  Research  Objectives 

At  the  request  and  funding  of  the  Aviation  Division  of  the  Texas  Department 
of  Transportation  (TxDOT),  the  University  of  Texas  Austin,  Department  of  Civil 
Engineering,  Geotechnical  Engineering  Center  conducted  a  series  of  pavement  tests 
on  Runway  16/34,  the  main  runway  at  Fort  Worth  Meacham  International  Airport, 
Fort  Worth,  Texas  in  July  and  August  2004.  The  objective  of  this  testing  was  to 
assess  the  remaining  life  of  the  main  runway  (Runway  16/34)  by  establishing  a  traffic 
model  and  observing  pavement  response  under  accelerated  testing  of  the  established 
traffic  model.  The  initial  testing  phase  involved  performing  continuous  deflection 
profiles  over  the  entire  runway.  This  phase  consisted  of  continuous  deflection 
profiling  along  the  midslab  of  each  of  the  six  slab-width  lanes,  using  the  Rolling 
Dynamic  Deflectometer  (RDD),  a  method  of  continuously  profiling  the  pavement. 
The  RDD  can  also  be  reconfigured  to  perform  as  a  Stationary  Dynamic  Deflectometer 
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(SDD),  with  which  a  form  of  APT  can  be  performed.  The  second  phase  of  this  study 
involved  such  testing  at  Fort  Worth  Meacham  International  Airport.  Additional 
continuous  deflection  profiles  were  obtained  along  the  longitudinal  joints  on  the  north 
end  of  the  runway.  This  work  was  performed  to  investigate  the  relative  response  of 
all  slabs  and  joints  on  the  runway.  The  data  from  this  July  2004  testing  are  also 
compared  to  deflection  profiles  produced  by  similar  RDD  testing  conducted  in  May 
2001  to  investigate  any  changes  with  time. 

The  second  phase  of  this  project  involved  evaluating  the  remaining  life  of  the 
rigid  pavement  at  Fort  Worth  Meacham  International  Airport.  This  phase  involved 
performing  one  type  of  APT.  The  APT  performed  consisted  of  using  the  SDD  to 
perform  super-accelerated  pavement  (SAP)  testing  in  August  2004.  Details  of  the 
SDD  device  and  testing  methodology  are  discussed  at  length  in  Chapter  3.  The  term 
“super-accelerated”  pavement  testing  has  been  coined  for  any  APT  method  which 
occurs  over  a  very  short  time  period  and  involves  a  high  volume  of  load  applications, 
on  the  order  of  1,000,000  load  applications  in  a  single  day  of  testing  (Stokoe  et  al., 
2000).  This  term  is  further  explained  in  the  presentation  of  SDD  methodology  in 
Chapter  3.  The  objective  of  this  testing  was  to  process  the  actual  traffic  history 
experienced  by  the  runway,  in  order  to  develop  and  test  a  model  for  future  traffic. 
Future  traffic  was  forecasted  for  20  years  and  then  incrementally  divided  for 
application  through  SAP  testing.  Fatigue  cracking  and  joint  transfer  efficiency  was 
monitored  closely  to  determine  pavement  response  to  loading. 

1.3  Thesis  Organization 

The  following  study  introduces  the  methodology  of  APT  (Chapter  2)  and  SAP 
testing  (Chapter  3),  where  both  RDD  continuous  deflection  profiling  and  SDD  SAP 
testing  are  presented.  Information  on  the  airport  setting  and  usage  (Chapter  4)  is 
presented  for  situational  familiarization.  The  remainder  of  the  study  focuses  on 
procedure  for  assessment  (Chapter  5),  traffic  model  development  (Chapter  6),  testing 
(Chapter  7  and  8),  and  data  analysis  (Chapter  9)  to  facilitate  determination  of  rigid 
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pavement  response  to  the  aforementioned  SAP  testing.  With  the  results  of  the 
pavement  response,  conclusions  are  made  regarding  the  determination  of  remaining 
life  on  the  airfield  and  recommendations  made  for  future  development  (Chapter  10). 
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Chapter  2  -  Review  of  Accelerated  Pavement  Testing 


2.1  Introduction 

In  this  chapter,  the  history  and  development  of  accelerated  pavement  testing 
(APT)  is  discussed.  APT  dates  back  to  the  early  20th  century.  Moving  forward  from 
the  development  of  early  techniques,  an  examination  of  the  current  state  of  APT  is 
presented.  The  current  state  includes  applications  on  both  flexible  and  rigid 
pavements  at  test  tracks  and  controlled  facilities.  With  the  focus  of  this  research 
directed  on  testing  of  airfield  pavements,  recent  investigations  conducted  on  airfields 
are  presented  with  an  examination  of  efforts  made  both  in  the  United  States  and 
Europe. 

2.2  History  of  Accelerated  Pavement  Testing 

The  Transportation  Research  Board  (TRB)  and  the  National  Cooperative 

Highway  Research  Program  (NCHRP)  defines  accelerated  pavement  testing  as  “the 
controlled  application  of  a  prototype  wheel  loading,  at  or  above  the  appropriate  legal 
load  limit,  to  a  prototype  or  actual,  layered,  structural  pavement  system  to  determine 
pavement  response  and  performance  under  a  controlled,  accelerated  accumulation  of 
damage  in  a  compressed  period”  (Metcalf,  1996).  Pavement  response  from  APT 
applications  has  been  used  in  determining  design  constraints  and  evaluations  of  in- 
service  pavements.  The  earliest  APT  applications  date  back  to  1919  with  a  test  track 
in  Arlington,  Virginia.  The  circular  track  was  loaded  by  a  continuously  moving 
truck.  Results  contributed  to  the  early  standards  of  concrete  pavement  design.  The 
main  advantage  of  APT  is  the  expeditious  nature  of  evaluating  pavements  through  the 
ability  to  provide  numerous  loading  cycles  in  a  relatively  compressed  time  period 
(Saeed  and  Hall,  2003).  The  writer  notes  that  APT  is  sometimes  referred  to  as 
accelerated  load  testing  (ALT),  particularly  in  Europe. 
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Since  the  early  days,  state  departments  of  transportation  and  federal  agencies, 
like  the  Federal  Highway  Administration  (FHWA)  and  Federal  Aviation 
Administration  (FAA)  have  been  heavily  involved  in  APT  research  within  the  United 
States.  Most  notably,  the  AASHO  (American  Association  of  State  Highway 
Officials)  Road  Test  in  1950  provided  the  groundwork  for  design  and  construction 
practices  still  used  today  in  the  field  of  highway  pavement  engineering  (TRB,  1962). 
This  experiment  involved  extensive  round-the-clock  loading  applications  through  six 
full-scale  test  loops.  Different  sections  of  the  track  were  comprised  of  both  flexible 
and  rigid  pavements  with  varying  design  parameters.  Varying  surface,  base,  and 
subgrade  thicknesses  were  tested  under  similar  environmental  and  loading  conditions, 
providing  a  sensitivity  analysis  for  various  design  constraints. 

Over  the  past  thirty  years,  worldwide  activities  have  resulted  in  further 
advances  in  the  field  of  APT,  with  Australia,  Denmark,  South  Africa,  France,  Britain, 
and  the  Netherlands  playing  a  significant  role  (Coetzee  et  ah,  2000).  According  to  a 
recent  survey  conducted  by  the  NCHRP,  there  are  15  APT  operational  capabilities 
throughout  the  United  States.  Four  of  these  operations  are  mobile,  allowing  in- 
service  testing  to  be  performed  at  varied  locations,  versus  a  fixed  facility  with  a 
pavement  specimen  constructed  strictly  for  testing  (Saeed  and  Hall,  2003). 

With  regard  to  the  focus  of  this  research,  APT  on  airfield  pavements,  limited 
work  has  been  accomplished.  The  United  States  Army  Corps  of  Engineers  (US ACE) 
Waterways  Experiment  Station  (WES)  has  dominated  APT  research  and  testing  in  the 
field  of  airfield  pavements,  with  the  earliest  airfield  testing  dating  back  to  1940 
(Coetzee  et  al.,  2000).  The  majority  of  the  information  generated  at  WES  has  been 
conducted  on  full-scale  testing  systems,  performed  primarily  in  controlled  facilities 
on  test  pads  constructed  specifically  for  research.  Limited  APT  research  or  testing 
has  been  accomplished  on  existing  in-service  airfield  pavements. 

In-service  pavement  testing  methods  conducted  on  airfields  has  been 
primarily  limited  to  the  falling  weight  deflectometer  (FWD),  the  dynamic  cone 
penetrometer  (DCP),  testing  of  cores,  and  pavement  condition  index  (PCI) 


6 


assessments.  These  test  methods  allow  various  assessments  of  pavement  quality  and 
subgrade  conditions  to  be  made,  but  they  are  limited  by  the  discrete  nature  of  each 
test  application.  In  addition,  these  tests  do  not  incorporate  long  term,  accelerated 
testing  methods,  which  allow  a  high  amount  of  loading  to  occur  in  a  limited  period  of 
time.  The  following  sections  discuss  the  current  state  of  APT  and  recent  research 
conducted  in  the  field  of  APT  on  airfield  pavements. 

2.3  Current  State  of  APT 

There  are  currently  28  active  APT  programs  worldwide,  with  15  of  the 
programs  based  within  the  United  States  (Hugo  and  Epps-Martin,  2004).  The  bulk  of 
these  programs  are  being  conducted  at  fixed  facilities.  The  majority  of  APT,  which 
has  been  carried  out  over  the  years,  has  been  accomplished  on  flexible  pavements 
commonly  referred  to  as  asphalt  concrete  (AC)  pavements.  Rigid  pavements  also 
known  as  Portland  cement  concrete  (PCC)  pavements  have  received  limited  attention. 
This  is  a  by-product  of  the  overall  makeup  of  pavement  types  worldwide.  The  focus 
of  APT  research  has  been  on  improvement  of  design,  performance,  and  maintenance 
of  the  network  of  roads  worldwide.  In  the  United  States,  the  paved  public  road 
network  totals  over  2.5  million  miles,  of  which  less  than  3%  are  rigid  pavements 
(FHWA,  2002).  Most  test  tracks  have  been  comprised  predominantly  of  AC  test 
pads,  with  minimal  representation  of  PCC  test  pads.  Upon  examination  of  pavement 
data  from  a  recent  FHWA  study,  only  5  of  the  12  active  facilities  within  the  United 
States  directly  address  and  test  rigid  pavements,  with  the  remainder  focused  on 
flexible  pavements  or  composite  pavements  (Saeed  and  Hall,  2003).  Table  2.1 
presents  a  listing  of  most  active  and  inactive  facilities.  Rutting  has  been  a 
predominant  source  of  failure  in  AC  pavements  and  subsequently  the  focus  of  long¬ 
term  effects  within  APT  research. 
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Table  2.1  -  United  States  APT  Facilities  (from  Saeed  and  Hall,  2003) 


Facility  Name  and  Location 

Facility  Designation 

Owner  Agency 

Advanced  Transportation  Research  and 
Engineering  Laboratory  (ATREL);  Eantonl.  IL 

ATREL 

University  of  Illinois  at  IJrbana- Champaign 

Caltrans  Accelerated  Pavement  Testing 
(CAL-APT)  Heavy-Vehicle- SinmlatoT  (HVS) 
Program:  Richmond.  CA 

CAL-APT 

California  Department  of  Transportation 

U.S.  Army  Cold  Regions  Research  and 
Engineering  Laboratory  (CREEL),  Frost 
Effects  Research  Facility;  Hanover,  NH 

C  REEL -HVS 

Cold  Regions  Research  and 

Engineering  Laboratory 

FHWA  Pavement  Teat  Facility  (PTF); 

McLean.  VA 

FHWA-PTF 

Federal  Highway  Administration 

Florida- Accelerated  Pavement  Testing  and 
Research  Facility1  (APTRF):  Gainesville.  FL. 

FL-APTRF 

Florida  Department  of  Transportation 

Indiana  DOT, Purdue  APT  Facility:  West 
Lafayette.  IN 

INDOT:  Purdue 

Indiana  Department  of  Transportation 

Kansas-Accelerated  Pavement  Testing  (APT); 
Manhattan,  KS 

KS-APT 

Kansas  State  University 

Louisiana  Transportation  Research  Center 
(LTRC)  Pavement  Research  Facility  (PRF): 
Port  Alien,  LA 

LTRC-PRE 

Louisiana  Transportation  Research  Center 

Minnesota  Eo ad  Research  Project 
(Mn/ROAD);  Minneapolis,  MN 

Mn.'ROAD 

Minnesota  Department  of  Transportation 

National  Center  for  Asphalt  Technology 
(N'CAT)  Pavement  Test  Track  (PTT);  Auburn 
University.  AL 

NCAT-PTT 

National  Center  for  Asphalt  Technology7 

OhLO-Accelerated  Pavement  Loading  Facility 
(APLF):  Lancaster,  OH 

OH-APLF 

Ohio  University ’Ohio  State  University 

Penn  State  (PS)  Pavement  Durability  Facility11 
(PDF);  College  Park.  PA 

PS-PDT 

Pennsylvania  State  University 

Texas  Mobile  Load  Simulator  (TxMLS); 
Austin,  TX 

TxMLS 

T  exas  Department  of  Transportation 

U.S.  Army  Corps  of  Engineers  Waterways 
Experiment  Station  (WES)  HVS:  Vicksburg, 
MS 

WES-HVS 

Engineers  Research  and  Development 

Center 

WesTrack':  Reno,  NV 

WesTrack 

Nevada  Automotive  Test  Center 

a  under  construction.  c  inactive  facility.  :  not  in  operation 


Generally  speaking,  APT  has  been  applied  to  either  test  roads  or  test  tracks. 
Test  roads  refer  to  test  road  sections  where  loading  is  achieved  by  actual  traffic  or 
actual  test  vehicles.  Test  tracks  refer  to  test  sections  where  loading  is  achieved  by 
specially  designed  mechanical  systems  (Coetzee  et  al,  2000).  Test  tracks  have  been 
constructed  throughout  the  world,  comprised  of  either  linear  or  circular  tracks.  Test 
roads  can  include  actual  in-service  experimental  pavements,  which  are  selected 
stretches  of  highway  where  performance  and  behavior  are  observed  under  a  specified 
program.  The  FHWA  established,  under  its  Strategic  Highway  Research  Program 
(SHRP),  one  such  program  called  the  Long-Term  Pavement  Performance  (LTPP) 
studies.  LTPP  is  a  20-year  study  that  was  started  in  1987.  In  the  LTPP  study,  2,400 
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flexible  and  rigid  highway  segments  located  throughout  the  United  States  and  Canada 
are  being  monitored  and  maintained  at  the  local  level  (FHWA,  2004).  Figure  2.1 
illustrates  the  expanse  of  this  study,  encompassing  extreme  variations  in  climate  and 
soil  types. 


Figure  2.1  -  LTTP  Test  Section  Locations  (from  FHWA,  2004) 

Both  test  roads  and  test  tracks  provide  a  capable  approach  to  APT  with  some 
apparent  limitations.  Test  roads  provide  evidence  of  pavement  performance  but  are 
typically  limited  in  environmental  control.  Test  tracks  provide  a  more  controlled  and 
restricted  climate  and  environment  and  can  be  constructed  in  a  linear  or  circular 
arrangement.  Circular  tracks  are  able  to  operate  at  high  speeds,  testing  several 
independent  sections;  however,  failure  of  one  section  can  affect  results  of  adjacent 
sections.  Linear  tracks  are  limited  by  both  speed  constraints  and  the  two-way  nature 
of  loading,  which  can  affect  the  pavement  response  and  performance  (Metcalf,  2001). 
This  linear  version  of  testing  includes  the  mobile  devices  mentioned  in  Section  2.2. 
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The  major  limitation  of  in-service  testing  is  that  results  are  only  applicable  to 
the  unique  local  characteristics  associated  with  each  respective  test.  Results  are  not 
always  applicable  from  one  location  to  another.  With  the  research  which  will  be 
discussed  in  later  chapters,  in-service  testing  is  used  to  characterize  response  of  an 
airfield,  with  the  results  representative  of  the  pavement  performance  and  response  of 
the  specific  location. 

2.4  Recent  Accelerated  Pavement  Testing  Research  on  Airfields 
The  present-day  airport  system  in  the  United  States  is  comprised  of  6  billion 

square  feet  of  rigid  and  flexible  pavement,  with  a  replacement  value  of  approximately 
$100  billion.  As  air  traffic  continues  to  grow  and  evolve,  aircraft  fleets  will  continue 
to  increase  in  number,  total  load,  gear  configuration,  and  operating  speed.  Current 
operational  airport  pavements  will  require  billions  of  dollars  in  capital  improvements 
over  the  coming  years  (FAA  NARP,  2000).  Testing  has  been  performed  on  airfield 
pavements  both  under  research  funded  by  the  FAA  and  by  the  USACE  WES  to  better 
understand  the  capability  of  today’s  pavement  with  tomorrow’s  aircraft.  Studies  have 
begun  to  determine  pavement  design  standards  to  accommodate  large-scale  aircraft  in 
excess  of  1,000,000  pounds  (FAA  NARP,  2004). 

2.4.1  Federal  Aviation  Administration  National  Airport  Pavement  Test  Facility 

Due  to  the  proposed  manufacturing  of  large-scale  aircraft,  the  FAA  has 

developed  a  full-scale  testing  capability  at  the  National  Airport  Pavement  Test 
Facility  (NAPTF),  located  at  the  William  J.  Hughes  Technical  Center  in  Atlantic 
City,  New  Jersey.  Commissioned  in  1999,  this  testing  center  is  designed  to  recreate 
landing  gear  loading  configurations  for  full-scale  testing  for  airfield  pavements.  The 
machine  used  in  the  APT  testing  at  the  facility  is  the  largest  APT  apparatus  in  the 
world,  capable  of  configuring  two  complete  landing  gear  assemblies  with  up  to  6 
wheels  on  each  (Coetzee  et  al.,  2000).  Figure  2.2  shows  the  NAPTF  and  the  APT 
apparatus  it  employs.  The  results  of  testing  will  be  used  as  input  to  future  methods 
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for  design,  construction,  and  evaluation  of  airfield  pavements.  Testing  and  research 
is  driven  by  the  need  for  improved  design  methods,  due  to  spatial  changes  and 
increasing  loads  associated  with  landing  gear  configurations. 


Figure  2.2  -  NAPTF  Apparatus  and  Gear  Assemblies  (from  FAA  NAPTF,  2004) 

The  test  facility  includes  nine  independent  test  pavements  constructed  to 
specific  tolerances.  The  test  track  is  environmentally  controlled  by  a  covered  facility 
and  measures  900  ft  in  length  and  60  ft  in  width.  Figure  2.3  illustrates  the  sheer 
magnitude  of  the  facility.  Both  rigid  and  flexible  pavement  structures  can  be  tested 
with  variance  in  subgrade  design  incorporated  with  unbound  aggregate  and  stabilized 
base.  Test  speeds  are  limited  to  2.5  to  5  mph  with  wandering  incorporated  for  each 
pass,  with  an  equivalent  dummy  gear  load  of  up  to  two  Boeing  747  or  777  landing 
gears.  In  recent  testing  scenarios,  a  cycle  of  66  repetitions  was  used  with  embedded 
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sensors  for  sufficient  determination  of  various  pavement  responses.  Over  1,000  static 
and  dynamic  sensors  have  been  incorporated  to  determine  temperature,  moisture, 
strain,  and  deflection  in  the  pavement.  Data  has  not  been  made  public,  but  will  be 
used  in  new  pavement  design  standards  in  2007  (FAA,  2004). 


Figure  2.3  -  Test  Pavement  Construction  at  NAPTF  (from  FAA  NAPTF,  2004) 

With  the  expected  arrival  of  large-scale  jumbo  jets  for  commercial  operation, 
multiple  studies  have  been  conducted  at  the  NAPTF.  An  example  of  a  recent  study 
includes  research  to  determine  minimum  requirements  to  widen  existing  standard 
150-ft  runway  widths  for  flexible  pavements  under  Airbus  A-380  operations.  The  A- 
380  is  classified  as  a  Group  VI  aircraft,  requiring  200-foot  wide  runways.  Many 
airports  in  operation  are  only  classified  up  to  Group  V  aircraft  with  a  standard  150- 
foot  runway  width.  In  a  study  conducted,  considerable  surface  deformation  was 
observed  with  each  pass  of  the  A-380  equivalent  gear  on  the  asphalt  concrete 
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pavement  (Joel,  2004).  Different  sections  were  tested  with  the  dimensions  of  the  AC 
surface  and  base  remaining  constant,  while  varying  depth  of  subbase.  Ultimate 
results  provided  allowable  A-380  coverages  given  a  specific  subbase  construction. 
Table  2.2  provides  details  of  allowable  A-380  coverages  for  the  subbase  tested. 
Subbase  layer  parameters  were  assumed  to  be:  (1)  elastic  modulus  (E)  of  37,500  psi 
and  (2)  California  bearing  ratio  (CBR)  of  29.  Aircraft  coverage  is  a  term  which  takes 
into  account  the  fact  that  not  every  pass  of  every  aircraft  is  considered  a  repetition  in 
design  practices.  A  single  coverage  is  defined  “when  each  point  in  the  pavement 
within  the  limits  of  the  traffic  lane  has  experienced  a  maximum  stress,  assuming  the 
stress  is  equal  under  the  full  tire  print”  (FAA,  2004).  Due  to  the  wandering 
associated  with  aircraft  take-off,  landing,  and  taxiing  operations,  several  passes  may 
be  required  to  produce  a  single  fatigue  cycle. 

Table  2.2  -  A-380  Coverages  on  Flexible  Test  Pavement  with  Subbase  of 
E=37,500  psi  and  CBR  =  29  (from  Joel,  2004) 


Section 

Surface 

Base 

Subbase 

Allowable  coverages 

LFC1 

5M 

8” 

16.0" 

87 

EB65 

5" 

8" 

19.72" 

241 

LFC2 

V' 

S” 

24" 

622 

2.4.2  A-380  Pavement  Experimental  Programme  -  Toulouse  Blagnac  Airport 

APT  on  airfield  pavements  has  seen  limited  attention  internationally. 

Recently,  the  French  Civil  Aviation  Administration  and  the  French  Roads  and 
Bridges  Laboratory  in  coordination  with  Airbus  have  contributed  to  testing  on  rigid 
pavements  at  Toulouse  Blagnac  Airport  (Fabre  et  al.,  2004).  The  A380  Pavement 
Experimental  Programme  (PEP)  is  a  two-fold  study  to  assist  in  the  final  landing  gear 
configuration  selection  for  the  new  widebody  Airbus  A-380  and  to  assist  in 
comparing  actual  pavement  response  under  new  large-scale  aircraft  to  finite  element 
model  predictions.  Airbus  S.A.S.  developed  a  heavy  aircraft  landing  gear  simulator 
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for  use  during  experimental  testing.  The  results  and  analysis  of  this  testing  are  still 
pending. 

2.4.3  Heavy  Vehicle  Simulator  Related  Research 

As  well  as  APT  conducted  in  test  facilities,  equipment  has  also  been 

developed  and  used  to  assess  and  evaluate  in-service  pavements.  A  Heavy  Vehicle 
Simulator  (HVS)  manufactured  by  Dynatest  International  has  been  used  in  many 
countries.  The  HVS  is  a  mobile  trailer,  with  a  single  or  dual  wheel  assembly  capable 
of  testing  uni-directionally  or  bi-directionally  with  loads  ranging  from  7  to  45  kips. 
Although  mobile,  the  HVS  is  massive  in  size;  it  has  dimensions  of  75  feet  in  length, 
12  feet  in  width,  13.5  feet  in  height,  and  a  weight  of  50  tons.  The  HVS  is 
hydraulically-operated  and  fully-automated  system  which  applies  a  load  along  a 
moving  wheel  load  on  a  test  beam  over  a  distance  of  6  meters  (approximately  20 
feet),  with  an  automated  capability  for  lateral  wander.  The  system  is  capable  of 
simulating  20  years  of  traffic  in  the  period  of  three  to  six  months  (upwards  of  4.5 
million  passes). 

US  ACE  has  led  the  way  in  exclusively  testing  airfield  pavements  through  the 
procurement  of  a  specially  built  super-heavy  HVS  (HVS-A  Mark  V),  capable  of 
simulating  wheel  loads  over  a  range  of  10  to  100  kips  over  a  linear  testing  area  of 
12.2  meters  (approximately  40  feet)  (Dynatest,  2004).  The  HVS-A  Mark  V  is  the 
world’s  largest  portable  device  used  for  imposing  accelerated  traffic  on  pavements. 
Figure  2.4  shows  the  HVS  Mark  IV  model  in  operation  at  the  USACE  Cold  Regions 
Research  Laboratory  (CRRL)  in  New  Hampshire.  Figure  2.5  shows  the  HVS-A  Mark 
V  in  operation  at  an  active  airfield.  In  November  of  1998,  the  Geotechnical  and 
Structures  Laboratory  at  the  Engineer  Research  and  Development  Center  (ERDC) 
located  at  the  USACE  WES  accepted  delivery  of  this  one-of-a-kind  device.  The 
device  is  being  used  for  three  different  applications:  high  repetitions  of  heavy  aircraft 
loads,  low-volume  roads,  and  trafficking  on  beach  and  soft  soils.  The  device  is 
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capable  of  applying  loads  at  8  mph,  equating  to  15,000  passes  per  24  hour  period  of 
testing. 


Figure  2.4  -  HVS  Mark  IV  at  USACE  CRRL  -  Hanover,  New  Hampshire  (from 

CRREL,  2004) 


Figure  2.5  -  Operational  HVS-A  Mark  V  (from  Dynatest,  2004) 
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The  objective  for  the  USACE  WES  application  and  testing  with  the  HVS-A 
Mark  V  is  primarily  to  determine  pavement  response  and  performance  under  high 
repetitions  of  heavy  loading.  Data  from  current  testing  is  being  used  to  calibrate  and 
validate  computational  models  being  developed  by  the  ERDC.  The  purpose  of  these 
models  is  to  improve  and  refine  design  conservatism  measures  and  to  better  predict 
pavement  performance  (WES  ERDC,  2004). 

In  addition  to  the  recent  WES  focus  on  testing  airfield  pavement  response,  the 
USACE  Cold  Regions  Research  and  Engineering  Laboratory  (CRREL)  in  Hanover, 
New  Hampshire  has  incorporated  HYS  testing  into  research  on  subgrade  response. 
At  the  Frost  Effects  Research  Facility  (FERF),  a  controlled  environment  is  used  to 
conduct  testing  on  freeze/thaw  effects  on  pavement,  soils,  and  other  materials.  Since 
CRREL  procured  an  HVS  in  the  late  1990’s,  it  has  focused  its  APT  investigations  on 
subgrade  testing.  Subsurface  testing  temperature  capability  ranges  from  -35°  F  to 
+120°  F  at  FERF  (USACE  CRREL,  2004). 

In  general  CRREL  has  focused  its  APT  research  on  subgrade  and  bituminous 
pavements.  Research  has  included  effects  of  subgrade  moisture  contents  on  surface 
load  carrying  capacity  (Darling,  2004).  Other  research  investigation  includes 
utilization  of  the  HYS  to  support  computer  simulation  results  which  has  shown 
reduced  truck  tire  pressure  can  significantly  decrease  damage  to  thin  AC  pavements 
and  increase  the  life  of  the  pavement.  The  HVS  was  applied  to  chip  seal  test  sections 
with  a  frost  depth  of  4  ft  (1.3m).  Panels  were  trafficked  during  thawing  sequence, 
using  tire  pressures  of  100,  60,  and  35  psi  (689,  410,  and  230  kPa),  with  considerably 
more  deformation  occurring  at  the  higher  tire  pressure  (Kestler,  1999). 

Other  work  has  focused  on  the  phenomenon  of  rutting  within  flexible 
pavements.  A  study  has  been  sponsored  by  the  FHWA,  in  cooperation  with  CRREL 
and  many  leading  international  laboratories,  to  investigate  the  performance  of 
subgrade  materials  in  flexible  pavement  structures  in  order  to  improve  and  upgrade 
the  failure  design  criteria  used  within  current  mechanistic  design  standards  (Janoo  et 
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al.,  2003).  Test  slabs  were  created  to  simulate  four  different  subgrade  types  under 
three  varying  moisture  contents.  Test  slabs  were  then  loaded  using  the  HVS.  Coaxial 
and  coplanar  coil  gages  were  installed  in  the  subgrade  to  determine  permanent 
deformation  from  loading  and  resultant  permanent  strain.  Vitel  gages  were  used  to 
determine  moisture  contents,  with  earth  pressure  cells  installed  to  determine  dynamic 
stresses  in  subgrade  layers.  Preliminary  results  have  shown  the  rut  development  as 
function  of  the  number  of  passes.  A  sample  of  this  observed  performance  is 
presented  in  Figure  2.6.  Additional  information  on  the  effects  of  subgrade  conditions 
will  be  presented  in  future  proceedings  from  the  study  (Janoo  et  al.,  2003). 


Figure  2.6  -  Sample  Rut  Development  with  Number  of  Passes  (from  Janoo  et  al., 

2003) 


2.5  Summary 

A  state-of-the-practice  review  of  accelerated  pavement  testing  is  presented  to 
illustrate  the  current  allocation  of  resource  initiatives  within  the  field.  APT  has  been 
a  key  resource  in  the  development  of  design  and  performance  standards  for 
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pavements.  As  shown,  the  majority  of  the  focus  of  APT  research  has  been  on  flexible 
pavements,  the  largest  need  within  the  pavement  industry.  However,  over  the  past 
decade,  development  of  heavy  load  capable  devices  has  enabled  the  field  of  APT  to 
incorporate  rigid  airfield  pavement  testing.  This  incorporation  is  still  in  its  infancy 
with  the  majority  of  the  focus  on  subgrade  and  flexible  pavement  analysis. 


18 


Chapter  3  -  Background  on  Rolling  Dynamic  Deflectometer  and 
Stationary  Dynamic  Deflectometer  Applications 


3.1  Introduction 

In  this  chapter,  the  development  of  the  Rolling  Dynamic  Deflectometer 
(RDD)  is  presented  to  provide  a  better  understanding  of  its  origin  and  capabilities. 
An  examination  of  the  methodology  of  the  RDD  illustrates  how  the  device  and  its 
systems  operate.  Recent  research  is  presented  to  provide  further  background  on  the 
RDD  testing  capability.  The  RDD  is  capable  of  being  adapted  for  use  as  the 
Stationary  Dynamic  Deflectometer  (SDD).  The  development  of  this  adaptation  is 
also  presented  along  with  its  methodology.  The  SDD  is  fairly  new  capability,  and 
research  and  testing  accomplished  thus  far  is  presented  to  familiarize  the  reader  with 
the  SDD  capability. 

3.2  Development  of  the  Rolling  Dynamic  Deflectometer 

The  Rolling  Dynamic  Deflectometer  (RDD)  was  developed  at  the  University 

of  Texas  at  Austin  in  1996  by  Dr.  James  Bay  and  Professor  Kenneth  H.  Stokoe  II 
(Bay,  1997).  The  idea  for  the  device  was  generated  by  the  need  for  a  more 
comprehensive  nondestructive  testing  method  (NDT),  for  pavement  evaluations.  At 
the  time,  a  large  portion  of  the  nation’s  pavement  infrastructure  had  reached  its 
effective  design  life  and  had  begun  to  deteriorate.  A  need  developed  for  an  accurate 
nondestructive  testing  method  to  more  thoroughly  assess  the  changing  conditions  of 
pavements  (Bay  and  Stokoe,  1998).  Out  of  this  need  developed  a  continuous 
deflection  measurement  capability.  This  capability  was  the  impetus  for  the 
development  of  the  RDD.  Prior  to  this  development,  deflection  measurements  were 
produced  through  discrete  methods.  Although  effective,  these  methods  enabled  only 
a  limited  view  of  the  response  of  the  pavement.  The  development  of  the  RDD 
brought  about  a  capability  of  continuously  testing  over  a  given  distance,  while 
producing  real-time  continuous  deflection  data.  This  continuous  measurement 
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capability  enables  a  relative  comparison  of  deflection  measurements  over  extensive 
distances;  thereby  avoiding  the  inaccuracies  inherent  to  discrete  testing  methods. 
The  benefits  of  continuous  pavement  testing,  enable  improved  infrastructure 
management  and  tracking  of  pavement  condition,  thereby  improving  utilization  of 
rehabilitation,  maintenance,  and  repair  initiatives. 

The  inception  of  the  RDD  came  about  through  modifications  to  a  Vibroseis 
truck.  A  Vibroseis  truck  is  used  in  the  geophysical  exploration  industry  for  imparting 
a  well-controlled  (but  adjustable)  set  of  sinusoidal  loading  conditions  to  the  ground 
surface.  The  electrohydraulic  loading  system  of  the  Vibroseis  was  modified  with 
specialized  loading  rollers  that  allowed  large  sinusoidal  dynamic  forces  to  be  applied 
to  the  test  pavement  surface,  while  the  truck  is  moving.  Deflections  induced  in  the 
pavement  are  measured  by  rolling  sensors  designed  to  minimize  noise  created  by 
surface  roughness  of  the  pavement  (Bay  and  Stokoe,  1998). 

The  RDD  has  a  gross  weight  of  approximately  49  kips.  The  servo  hydraulic 
vibrator  has  a  7.5  kip  weight;  capable  of  inducing  peak-to-peak  dynamic  forces  of  2 
to  70  kips.  The  frequency  range  of  the  system  is  10  to  100  Hz.  The  hydraulic  system 
is  capable  of  producing  a  static  load  ranging  from  2  to  40  kips.  Deflection  testing  is 
performed  while  the  device  moves  at  speeds  along  the  pavement  of  1  to  2  fps  (up  to 
1.5  mph).  Figure  3.1  gives  a  present  day  view  of  the  RDD.  Figure  3.2  outlines  the 
schematic  of  the  device,  noting  the  position  of  a  typical  sensor  configuration  with 
respect  to  the  loading  system  and  rollers.  The  sensor  configuration  can  be  modified 
to  fit  the  requirements  of  specific  tests  (Bay  and  Stokoe,  2000).  Figure  3.3  shows  a 
typical  rolling  sensor  used  in  RDD  operations.  There  are  a  number  of  sensor 
configurations  that  are  possible  during  deflection  testing.  The  rolling  sensor 
configuration  with  the  sensor  towing  system  is  further  discussed  and  illustrated  in 
Section  3.3. 
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Figure  3.1  -  RDD  at  Fort  Worth  Meacham  International  Airport 


Figure  3.2  -  RDD  and  Key  Components  (from  Bay  and  Stokoe,  1998) 
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Figure  3.3  -  RDD  Rolling  Sensor 

3.3  METHODOLOGY  OF  THE  ROLLING  DYNAMIC  DEFLECTOMETER 

During  testing,  a  hydraulic  pump  powered  by  a  separate  diesel  engine  on  the 

rear  of  the  vehicle  applies  combined  static  and  dynamic  loads  to  the  pavement 
through  two  loading  rollers.  To  generate  the  dynamic  force,  a  reaction  mass  is  forced 
up  and  down  by  hydraulic  sinusoidal  pressure,  shown  in  Figure  3.4  which  illustrates 
the  complete  RDD  loading  system.  The  hydraulic  pressure  is  created  by  the  cycling 
of  hydraulic  fluid  within  the  chambers  of  the  hydraulic  actuator.  The  system  is  able 
to  generate  a  peak  force  of  35  kips,  which  translates  to  a  70  kip  peak-to-peak  dynamic 
capability  (Bay,  1997). 


22 


Figure  3.4  -  Cross-Sectional  View  of  the  RDD  Loading  System  (from  Bay  and 

Stokoe,  2000) 

A  static  force  is  required  to  ensure  the  dynamic  force  does  not  render  the 
device  unstable  or  lift  the  RDD  off  the  ground,  in  turn  causing  inaccuracies  in  the 
dynamic  loading.  The  static  loading  system  is  comprised  of  the  same  hydraulic 
cylinder  used  to  create  the  sinusoidal  loading  and  a  pair  of  air  springs  on  both 
external  sides  of  the  dual  loading  roller  platform.  The  air  springs  are  intended  to 
isolate  the  weight  of  the  truck  from  the  dynamic  loading  and  to  reduce  vibratory 
effects  of  the  testing  on  the  truck  itself  (Bay  and  Stokoe,  2000). 

The  loading  capability  of  the  RDD  is  robust;  capable  of  generating  dynamic 
loads  up  to  70  kips.  The  main  limitation  of  the  RDD  maximum  loading  capability  is 
the  combination  of  the  static  force  capability  and  the  gross  weight  of  the  entire 
system.  The  RDD  is  able  to  induce  comparable  loads  for  highway  pavement  testing, 
but  is  unable  to  replicate  the  full  compliment  of  aircraft  loading  scenarios.  For 
instance,  aircraft  loads  can  range  from  below  10,000  pounds  to  well  in  excess  of 
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800,000  pounds.  This  equates  to  a  single,  rear-gear  configuration  loading  range  of  up 
to  300,000  pounds.  Typically  during  deflection  testing,  the  goal  is  replicate  the  live 
load  experienced  in  the  field.  With  the  extremely  high  loads  produced  by  aircraft,  the 
70-kip  capability  of  the  RDD  is  surpassed.  However,  the  severity  of  this  limitation  is 
minimized,  since  the  relative  nature  of  the  RDD  continuous  deflection  testing  allows 
for  comparisons  to  be  made  at  the  local  level  to  identify  regions  of  relatively  high 
deflections  within  a  sizeable  pavement  structure. 

To  model  properly  the  pavement  deflection  profile,  rolling  deflection 
sensors  can  be  arranged  to  meet  the  needs  of  the  specific  test  situation.  Figure  3.5 
illustrates  a  typical  rolling  sensor  configuration.  A  towing  system  is  used  to  ensure 
sensor  alignment  and  minimize  wander.  Additional  sensors  can  be  aligned  along  the 
exterior  of  either  roller.  This  additional  arrangement  can  be  useful  in  determining 
deflection  variations  away  from  the  loading  points  or  comparing  deflections  on  either 
side  of  a  joint.  These  sensors  provide  a  means  for  observing  dynamic  deflections 
induced  by  the  applied  force.  An  automated  PC-based  data  acquisition  system  is  used 
to  monitor  and  record  output  from  the  load  cells,  deflection  sensors,  and  the  global 
positioning  system  (GPS)  distance-measuring  device. 


Loadiu?  Roller 


Figure  3.5  -  Sensor  and  Towing  Configuration  (from  Bay  and  Stokoe,  1998) 
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3.4  Continuous  profiling  with  the  rolling  dynamic 
Deflectometer 

There  are  five  key  parameters  which  affect  the  output  and  effectiveness  of 
continuous  RDD  testing.  These  parameters  are: 

(1)  testing  velocity  along  the  pavement, 

(2)  operating  frequency, 

(3)  applied  force  levels, 

(4)  data  sampling  rate  and  filter  settings,  and 

(5)  rolling  sensor  positions. 

Selection  of  these  parameters  is  necessary  to  properly  set  a  given  test  condition. 
Specifics  surrounding  the  parameters  and  procedures,  incorporated  into  the  field 
testing  within  this  study,  are  described  in  Chapter  4. 

The  final  result  of  RDD  testing  is  a  continuous  deflection  profile  along  a 
linear  testing  area.  In  prior  testing,  displacement  peaks  have  been  noted  at  joints  and 
cracks.  Figure  3.6  illustrates  this  phenomena  differentiating  between  the  higher 
deflections  seen  at  dowelled  construction  joints  versus  sawn  control  joints.  These 
data  was  collected  during  example  comes  from  prior  testing  completed  on  Runway 
16L-35R  at  Dallas-Fort  Worth  (DFW)  International  Airport.  Relative  joint  transfer 
efficiency  can  be  assessed  over  the  course  of  a  given  testing  area,  as  the  effect  of  the 
joint  is  easily  discerned  from  the  profile,  with  larger  deflections  detected  at  the 
weaker  joints.  In  addition,  higher  mid-slab  deflections  can  generally  be  correlated  to 
a  number  of  common  distress  conditions  including  subgrade  deterioration,  weaker 
fill,  and  highly  cracked  slabs.  Figure  3.7  illustrates  variations  in  deflections  measured 
over  the  extent  of  a  testing  area.  In  this  figure,  regions  of  high  and  low  deflection  are 
classified  on  a  runway  deflection  profile  from  DFW  International  Airport.  As 
mentioned  before,  regions  that  exhibit  high  overall  deflections  (not  exclusively  at  the 
joints)  signify  areas  of  potential  distress  manifestations. 
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Figure  3.6  -  Sample  Deflection  at  Joint  Locations  (Bay  and  Stokoe,  1998) 
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Figure  3.7  -  Sample  Mid-Slab  Deflections  (from  Bay  and  Stokoe,  1998) 

The  RDD  has  been  used  in  numerous  research  and  support  projects.  These 
include  continuous  deflection  profiles  at:  (1)  Interstate  Highway  10  at  locations  at 
Orange  and  Houston,  Texas,  and  (2)  runway  and  taxiway  airport  pavements  at  Dallas- 
Fort  Worth  International  Airport  (as  seen  in  Figures  3.6  and  3.7),  Fort  Worth 
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Meacham  International  Airport,  Seattle-Tacoma  International  Airport,  and  Atlanta 
Hartsfield  Airport.  Interstate  highway  applications  have  resulted  in  determination  of 
highway  pavement  conditions  and  subsequent  more  efficient  design  of  overlays  (Bay 
and  Stokoe,  1998).  In  airfield  applications,  both  soft  and  stiff  regions  of  the 
pavement  have  been  identified  while  producing  illustrations  of  distress  in  highly 
trafficked  regions.  Relative  load  transfer  capability  and  joint  efficiency  can  be 
assessed  through  examination  of  deflection  profiles  (Bay  et  ah,  2000). 

As  additional  research  supports  the  development  and  progress  of  the  RDD, 
applications  in  the  matter  of  airfield  structural  evaluations  will  become  more 
prominent.  As  mentioned  previously,  the  RDD  has  been  used  extensively  in  airfield 
applications  in  the  civilian  sector  at  runways  throughout  the  United  States.  There  also 
exists  the  potential  for  direct  military  applications  which  often  require  rapid  airfield 
assessment,  evaluation,  and  recommendations.  The  capabilities  of  the  RDD  have  far- 
reaching  advantages  in  structural  evaluation  of  pavements.  Relative  strengths  can  be 
correlated  and  assessed  immediately  following  test  completion,  without  a  direct 
requirement  for  backcalculation  of  layer  moduli.  In  addition,  weaker  areas  of  an 
airfield,  such  as  those  where  voids  may  emerge,  can  be  identified  and  differentiated 
from  those  areas  with  solid  support.  Currently  the  RDD  is  viewed  as  a  “promising” 
technology  by  the  military  (Malvar  and  Cline,  2000).  The  U.S.  Navy  hopes  to  move 
toward  this  technology  and  further  their  pavement  assessment  and  profiling 
capabilities  with  the  objective  of  avoiding  pavement  failures.  The  U.S.  Air  Force  and 
the  offices  at  Air  Force  Civil  Engineers  Support  Agency  (AFCESA)  support  a 
movement  toward  this  technology.  In  the  future,  airfield  pavement  evaluation  teams 
may  replace  discrete  testing  methods,  like  the  falling  weight  deflectometer  (FWD) 
with  continuous  testing  methods  like  the  RDD. 

It  should  be  noted  that  other  continuous  deflection  capabilities  have  been 
developed  during  the  same  period  as  the  inception  of  the  RDD.  These  devices 
include  the  Rolling  Wheel  Deflectometer  (RWD)  and  the  High  Speed  Deflectograph 
(HSD).  The  RWD  is  a  project  developed  by  Applied  Research  Associates,  Inc.  under 
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funding  from  the  Federal  Highway  Administration.  The  purpose  of  the  RWD  is  to 
develop  a  device  which  applies  a  moving  truck  load  at  typical  highway  speeds,  while 
taking  continuous  deflection  measurements  (Herr  et  ah,  1995).  The  RWD  is  based  on 
spatial  coincident  methodology,  where  the  difference  in  readings  of  four  installed 
lasers,  produces  deflection  measurements  at  high  speeds  (Hall,  1999).  Similar  to  the 
RWD,  the  HSD  also  is  capable  of  deflection  measurements  at  standard  highway 
speeds.  The  HSD  has  been  developed  by  the  Danish  Road  Institute  in  cooperation 
with  the  Danish  Ministry  of  Business  and  Industry.  The  main  difference  between  the 
RWD  and  HSD  is  that  the  HSD  determines  deflections  by  particle  velocity 
measurements  of  the  real-time  deflections.  In  the  HSD,  laser  Doppler  sensors  are 
mounted  on  a  rigid  beam  attached  to  a  semi-trailer.  As  the  vehicle  traverses  the 
pavement,  rays  are  emitted  and  the  velocity  of  the  deflection  is  registered  by  the 
sensors.  Sudden  changes  in  velocity  can  reveal  discontinuities  in  the  pavement 
system.  Through  data  interpretation  actual  absolute  deflection  values  can  be  obtained 
and  moduli  backcalculated  from  the  deflection  basin  (Hildebrand  et  al.,  1999). 

3.5  Development  of  the  Stationary  Dynamic  Deflectometer 

Recent  research  has  brought  an  innovative  and  pioneering  potential 

application  of  the  RDD  device,  the  stationary  dynamic  deflectometer  (SDD).  In  this 
application,  the  RDD  is  used  in  a  stationary  mode  in  which  its  loading  configuration 
is  altered  to  impose  harmonic  loading  to  a  wheel  footprint  on  the  pavement  surface. 
Under  this  SDD  application,  load  can  be  applied  in  the  order  of  one  million 
repetitions  in  a  24-hour  period.  Consequently,  this  capability  is  frequently  referred  to 
as  super-accelerated  pavement  (SAP)  testing.  Results  which  once  required  weeks  to 
months  of  testing  can  be  acquired  in  the  period  of  days.  Potential  benefits  include  the 
reduced  time,  less  expense  in  testing,  and  the  reduction  in  traffic  loss  and  required 
workarounds  for  applications  with  in-service  pavements  (Stokoe  et  al.,  2000). 
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3.6  METHODOLOGY  OF  THE  STATIONARY  DYNAMIC  DEFLECTOMETER 

In  using  the  SDD  in  SAP  testing,  the  loading  area  remains  stationary  and 

constant  for  the  duration  of  the  testing.  The  RDD  applies  a  dynamic  load  in  the  same 
manner  as  previously  described  in  Section  3.4.  However  in  adapting  the  RDD,  the 
load  frame  and  attached  loading  rollers  are  raised,  and  a  load  cell  is  placed  at  a  central 
loading  point  on  the  load  frame.  This  load  cell  is  then  positioned  over  a 
preconfigured  loading  frame.  Figure  3.8a  illustrates  a  typical  arrangement  of  the 
SDD  for  SAP  testing.  The  loading  frame  can  be  designed  to  represent  various  wheel 
loads.  An  example  of  a  two-point  loading  frame  is  shown  in  Figure  3.8b. 
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Diesel  Engine  and  Hydraulic 

Pomp  for  Loading  Systems  Static  and  Dynamic 


(a) 


Steel  Disk: 


Figure  3.8  -  SDD  Configuration  and  Loading  Frame  (from  Stokoe  et  al.,  2000) 

The  main  intent  of  SAP  testing  is  to  initiate  and  measure  pavement 
deterioration  during  the  accelerated  load  repetitions.  Measured  deterioration  can  be 
visible  distress,  permanent  surface  deformation,  cross-sectional  deformation  (rutting 
in  AC  pavements),  cracking,  or  joint  transfer  efficiency.  A  failure  criterion  is 
established  for  the  applicable  deterioration  indicator  for  each  testing  scenario. 
Ultimate  results  are  produced  in  terms  of  a  selected  distress  measurement  versus  the 
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number  of  cycles  applied.  Many  variables  and  assumptions  are  applied  in  correlating 
field  performance  to  actual  loads.  This  is  discussed  in  further  in  Chapter  6,  which 
presents  the  specific  traffic  modeled  within  this  testing  application.  Figure  3.9  shows 
the  dimensions  of  the  device  footprint  with  respect  to  the  load  point  for  a  typical  SDD 
loading  scenario.  Under  this  setup,  the  49-kip  static  load  of  the  device  over  its  wheel 
footprint  will  affect  measured  deflection  results.  However,  these  results  provide  an 
excellent  means  of  relative  deflection  comparison  at  multiple  locations. 


Figure  3.9  -  SDD  Loading  Setup  with  Dimensions  (from  Chul  et  al.,  2004) 

3.7  Super-Accelerated  Pavement  Testing  with  the  Stationary 
Dynamic  Deflectometer 

There  are  three  key  parameters  which  affect  the  output,  effectiveness,  and 
duration  of  SDD  SAP  testing.  These  parameters  are: 

(1)  frequency  of  the  harmonic  load  application, 

(2)  maximum  number  of  cycles  for  test  completion,  and 

(3)  measurements  used  to  characterized  pavement  deterioration  and 
manifestation  of  distress. 
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Appropriate  selection  of  these  parameters  is  necessary  to  analyze  properly  a  given  set 
of  pavement  conditions  (Bay  and  Stokoe,  1998).  Specifics  surrounding  the  procedure 
incorporated  into  the  field  testing  in  this  study  are  present  in  Chapter  5. 

Although  the  development  of  the  SDD  has  been  a  recent  addition,  it  has  begun 
to  be  used  in  research  and  support  projects.  Areas  of  US-281  near  Fort  Worth  have 
been  tested  in  cooperation  with  Texas  Department  of  Transportation.  Results  have 
shown  the  SDD  application  as  a  viable  alternative  in  accelerated  pavement  testing 
applications.  The  SDD  exhibits  comparable  results  to  more  deliberate  accelerated 
pavement  testing  methods,  such  as  the  Texas  Mobile  Load  Simulator  (TxMLS), 
which  has  been  developed  by  Texas  Department  of  Transportation  in  partnership  with 
the  Center  for  Transportation  Research  (CTR)  of  the  University  of  Texas  at  Austin. 
This  application  focused  on  the  rutting  phenomenon  with  flexible  pavements; 
therefore  data  was  reduced  into  permanent  settlement  curves,  produced  over  the 
cycling  sequence  (Stokoe  et  al.,  2000).  Figure  3.10  presents  a  comparison  of  the 
permanent  settlement  observed  in  this  testing.  Trends  exhibit  similarities  between  the 
RDD  measurements  and  those  measurements  produced  by  the  TxMLS. 


Figure  3.10  -  RDD  and  TxMLS  Comparison  of  Permanent  Deformation  (from 

Stokoe  et  al.,  2000) 
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With  regard  to  testing  of  rigid  pavements,  SDD  has  seen  limited  usage. 
Recent  full-scale  PCC  slab  testing  at  the  Ferguson  Research  Laboratory  at  the 
University  of  Texas  at  Austin  has  shown  promising  results  for  rigid  pavement 
applications.  During  this  research  accelerated  fatigue  tests  were  performed  under  a 
constant  dynamic  loading.  Field  results  on  full-scale  slabs  were  compared  to  the 
fatigue  relationship  on  laboratory  beams,  where  results  were  fundamentally  identical. 
Different  from  the  beam  fatigue  behavior,  the  field  slabs  showed  a  stress 
redistribution  phenomenon  during  the  crack  propagation  period.  The  conclusive 
results  showed  that  the  SDD  was  found  to  be  effective  in  SAP  testing  of  a  full-scale 
rigid  pavement  system  (Chul  et  al.,  2004).  Figure  3.11  shows  the  typical  results 
found  in  the  field  tests.  Manifestation  of  cracking  is  seen  by  the  sudden  increase  in 
measured  deflections  at  point  of  occurrence. 


Figure  3.11  -  Dynamic  Displacement  for  Full-Scale  Slabs  (from  Chul  et  al.,  2004) 
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3.8  Summary 

In  this  chapter,  a  detailed  background  on  both  the  RDD  and  SDD  capability  is 
presented.  The  development,  methodology,  and  research  conducted  for  each 
respective  capability  are  discussed.  Both  methods  play  a  vital  role  in  the  field  testing 
presented  in  this  study;  use  of  the  RDD  enables  continuous  deflection  profiling  of  the 
entire  Runway  16/34  at  Fort  Worth  Meacham  International  Airport,  while  the  use  of 
the  SDD  enables  cyclic  loading  of  test  slabs  to  determine  remaining  life  of  a 
pavement.  The  chapters  which  follow  further  build  upon  the  understanding  of  these 
two  distinct  methods  of  pavement  testing  and  the  capability  each  brings  to  this  study. 
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Chapter  4  -  Testing  Site  at  Fort  Worth  Meacham  International 

Airport 


4.1  Introduction 

As  mentioned  in  Chapter  1,  the  purpose  of  this  research  was  to  determine  the 
remaining  life  of  Runway  16/34  at  Fort  Worth  Meacham  International  Airport  in  Fort 
Worth,  Texas.  Prior  to  development  of  a  load  testing  model  and  evaluation  of  the 
measured  response  of  the  pavement,  it  was  important  to  understand  the  history,  usage, 
and  geologic  setting  of  the  airport.  This  background  data  enable  a  better 
understanding  of  applied  loads,  anticipated  loads,  and  observed  response  of  the 
pavement  during  testing.  Information  on  construction  of  the  airport  along  with  as- 
built  drawings  enable  explanations  of  the  observed  response.  Three  years  ago, 
limited  RDD  deflection  profiling  was  conducted  at  the  airport.  This  preceding 
research  also  provides  insight  into  expected  response  and  enables  direct  comparison 
with  current  deflection  measurements  to  better  comprehend  observed  trends. 

4.2  History  of  Fort  Worth  Meacham  International  Airport 

Fort  Worth  Meacham  International  Airport,  which  from  this  point  is  referred 

to  as  “Meacham  Airport”  (FAA  identifier:  FTW),  is  located  five  miles  north  of  Fort 
Worth’s  central  business  district  at  the  intersection  of  Highway  287  and  Interstate 
820.  The  airport  was  originally  constructed  in  1925.  Over  its  nearly  80-year 
existence,  it  has  experienced  many  changes  in  both  form  (configuration)  and  function 
(operations).  The  present  layout  consists  of  two  parallel  runways  and  a  single 
crosswind  runway,  with  a  parallel  taxiway  to  the  main  runway,  Runway  16/34.  The 
two  parallel  runways  have  the  designation  Runway  16/34  (main  runway)  and  Runway 
17/35,  while  the  crosswind  runway  is  designated  Runway  6/27.  These  designators 
represent  the  direction  of  approach  from  true  north  of  the  bidirectional  runways.  The 
far  right  zero  in  the  degree  heading  is  removed  in  the  designation.  For  example 
Runway  16/34  approach  is  from  either  the  160°  or  340°  heading. 
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Runway  16/34  is  comprised  of  reinforced  PCC  with  a  grooved  surface. 
Runway  17/35  and  Runway  6/27  are  both  AC  overlays.  Figure  4.1  shows  the  location 
of  the  airport.  Figure  4.2  presents  an  aerial  view  over  the  main  runway.  Figure  4.3  is 
a  schematic  of  Figure  4.2  with  runway  designations.  American  Airlines  was 
originally  based  out  of  Meacham  Airport,  when  it  established  its  first  hangar  there  in 
1933.  In  1953,  all  scheduled  airline  service  was  relocated  to  the  nearby  Greater 
Southwest  International  Airport.  Since  1953,  the  airport  has  been  associated  with 
general  aviation,  corporate  aviation,  and  student  pilot  activity  (FTW,  2004). 

Presently,  the  FAA  reports  a  total  of  219  aircraft  based  at  Meacham  Airport, 
of  which  nearly  60%  are  single-engine  aircraft.  The  majority  of  these  smaller  aircraft 
utilize  the  shorter  Runway  17/35.  The  crosswind  runway  rarely  experiences  any 
significant  traffic  as  it  is  used  predominantly  in  training  operations  and  emergency 
landings. 


Fort  Worth  (TX)  City  Area 


Fort  Worth  Meacham 
International  Airport 


Figure  4.1  -  Location  of  Airport 


36 


Figure  4.2  -  Aerial  View  of  Runway  16/34  (from  TxDOT,  2004) 
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Main  Runway 


Taxiway 


Figure  4.3  -  Runway  and  Taxiway  Layout  (from  AirNav,  2004) 

4.3  Fort  Worth  Meacham  International  Airport  Usage  Data 

From  1925  to  1953,  Meacham  Airport  operations  were  focused  on  passenger 

travel  and  cargo  transport,  in  particular  airmail.  At  the  time,  air  travel  was  still  in  its 
infancy  and  limited  loadings  and  low  repetitions  were  experienced  by  the  airfield. 
Following  this  period,  the  airport  has  transitioned  into  the  operational  mode  of 
general  aviation,  corporate  aviation,  and  student  pilot  activity. 

Airport  usage  data  shows  that  Meacham  Airport  has  not  experienced  the 
physical  expansion  and  traffic  increase,  commiserate  with  standard  growth  models. 
Specific  data  has  been  obtained  regarding  total  airport  operations  over  the  past  30 
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years.  Figure  4.4  illustrates  the  distinct  ebb  and  flow  characteristic  of  the  total  airport 
operations  over  this  period.  Presently,  the  FAA  reports  an  average  521 
operations/day  with  over  50%  of  that  being  local  generation,  which  is  predominantly 
lighter  single-engine  aircraft.  The  total  operations  in  Figure  4.4  differ  noticeably  in 
quantity  from  the  officially  reported  data  received  from  the  FAA  for  determination  of 
traffic  model  for  testing.  This  data  received  from  the  FAA  covered  a  period  of  1998 
through  May  2004.  However,  the  totals  from  the  actual  data  still  convey  the  ebb  and 
flow  characteristic  seen  in  Figure  4.4.  As  can  be  seen  from  the  trend  in  the  figure,  the 
period  of  1998  through  2000  illustrates  a  portion  of  the  peak  and  valley  trend  typical 
to  the  total  airport  operations  over  the  life  of  the  current  runway  pavement. 


Figure  4.4  -  Total  Operations  from  1963-2000  (from  TxDOT,  2001) 

An  inclusive  list  of  every  single  operation  from  January  1998  through  May 
2004  was  obtained  from  the  FAA  and  Meacham  Airport  Air  Traffic  Control.  A 
representation  of  this  data  set  is  included  in  Appendix  A  (FAA,  2004).  The 
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methodology  used  in  reducing  this  window  of  traffic  data  into  specific  data  used  in 
determining  the  traffic  data  and  loading  scenario  utilized  in  the  SAP  testing  in  this 
study  is  discussed  in  Chapter  6. 

4.4  Geologic  Setting  of  Airport 

A  significant  factor  in  examining  the  structural  capability  of  an  airfield  is 

through  examination  of  the  existing  soil  composition  and  classification  for  that 
region.  The  soil  formation  which  exists  in  the  surrounding  area  of  Meacham  Airport 
can  be  classified  as  Lower  Cretaceous;  specifically  the  formation  is  referred  to 
Denton  Clay  (Barnes,  1972).  Figure  4.5a  illustrates  the  geologic  setting  for  the  area 
surrounding  Meacham  Airport.  A  key  outlining  appropriate  formations  is  included  in 
Figure  4.5b. 
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a.  Geologic  Map  of  Meacham  Airport 


Pawpaw  Formation  ,  Weno  Limestone, Denton  Clay,  Fort 
Worth  Limestone,  and  Duck  Creek  Formation 

b.  Soil  Formation  Key 

Figure  4.5  -  Geologic  Setting  of  Meacham  Airport  (from  Barnes,  1972) 
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Denton  Clay  is  a  combination  of  alternating  clay,  marl,  and  limestone  beds. 
The  clay  is  the  predominant  member  of  the  formation,  with  the  alternating  units  of 
clay  having  a  thicknesses  5  to  10  times  that  of  the  thicknesses  of  the  marl  and 
limestone  (Barnes,  1972).  The  clay  is  calcareous  and  known  for  its  expansive 
characteristics,  exhibiting  considerable  shrink/swell  behavior.  The  North  Central 
Texas  Council  of  Governments  (NCTCOG),  Department  of  Environmental  Resources 
reports  a  plasticity  index  (PI)  range  of  2 1  to  40%  for  the  setting  of  Meacham  Airport, 
with  localized  areas  reaching  as  high  as  50  (HAZMAP,  2003).  This  information  is 
based  on  USDA-NRCS  (United  States  Department  of  Agriculture  -  National 
Resources  Conservation  Services)  Soil  Survey  Data.  Swell  potential  is  rated  "very 
high"  for  any  plasticity  index  over  35  %  (Holtz  and  Gibbs,  1956). 

4.5  Airport  Construction  and  As-Built  Information 

Runway  16/34,  the  main  runway,  was  constructed  in  1975.  The  runway  is 

7,500  ft  (2,286  m)  in  length  and  150  ft  (45.7  m)  in  width,  constructed  on  both  cut  and 
fill  sections.  Runway  16/34  is  comprised  of  a  layer  of  reinforced  PCC  pavement, 
arranged  in  slabs  of  25  ft  by  25  ft  (7.6  m  by  7.6  m).  The  main  runway  contained  six 
“lanes”  of  single-slab  widths.  For  ease  of  referencing,  the  lanes  will  be  referred  to  as 
lane  1  through  lane  6.  Lane  1  is  the  far  west  lane  when  orientated  to  north,  with 
successive  lanes  to  the  right.  Pavement  thickness  ranges  from  7  to  10  in  (17.8  to  25.4 
cm).  The  majority  of  the  runway  PCC  pavement  is  9  inches  thick,  with  a  thicker  10- 
inch  pavement  used  on  the  north  and  south  end  of  the  runway  where  heavier  loading 
is  more  frequent.  The  thickness  of  pavement  tapers  to  7  inches  in  areas  where  no 
direct  aircraft  loading  is  expected,  particularly  the  slabs  in  lane  1  and  lane  6.  The 
subsurface  pavement  structure  consists  of  6  inches  of  cement-treated  subbase  and  5 
inches  of  lime -treated  subgrade.  A  typical  cross-section  of  Runway  16/34  is  shown  in 
Figure  4.6.  Figure  4.7  gives  a  closer  look  at  the  sections  denoted  in  Figure  4.6. 
TxDOT  Aviation  Division  supplied  a  complete  set  of  as-builts.  As-builts  information 
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was  assumed  correct  unless  conflicted  by  information  obtained  from  the  present-day 
airfield  visitations  and  surveys. 


Figure  4.6  -  Typical  Cross-Section  of  Runway  16/34  (from  TxDOT,  1975) 
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Figure  4.7  -  Close  Up  of  Cross-Section  of  Runway  16/34  (from  TxDOT,  1975) 
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Over  the  past  29  years,  Runway  16/34  has  performed  well,  with  typical 
routine  maintenance  performed  periodically.  An  extensive  drainage  project  was 
completed  in  2002,  which  did  not  directly  affect  the  continuity  of  Runway  16/34,  but 
required  a  construction  cut  through  the  pavement  of  the  neighboring  south  end  run-up 
area.  The  most  common  distress  from  visual  condition  assessments  was  low  severity 
longitudinal  cracking.  This  cracking  is  contained  primarily  to  the  outside  lanes  of  the 
main  runway,  concentrated  between  1,200  and  2,200  ft  (365.8  and  670.6  m)  from  the 
south  end  of  the  runway.  It  has  been  estimated  that  only  20%  of  the  actual  take-off 
and  landing  operations  occur  in  this  area  (Lee  et  ah,  2003),  consequently  direct 
response  from  aircraft  loading  can  be  eliminated  as  the  predominant  cause  of  distress. 

4.6  RDD  TESTING  AT  FORT  WORTH  MEACHAM  INTERNATIONAL  AIRPORT 
IN  2001 

In  May  2001,  two  longitudinal  test  paths  were  used  in  profding  Meacham 
Airport.  In  addition,  five  transverse  test  paths  were  also  profiled  at  selected  locations 
along  the  runway.  The  two  longitudinal  test  paths  were  along  the  centerline  of  Lane  1 
and  Lane  3.  Figure  4.8  illustrates  the  longitudinal  test  path  orientation.  All  testing 
was  conducted  at  night  between  the  10:00  PM  and  6:00  AM,  during  scheduled  non¬ 
flying  hours. 
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Figure  4.8  -  RDD  Profiling  Paths  Along  the  Longitudinal  Centerlines  of  Lane  1 

and  Lane  3  of  Runway  16/34 

A  general  discussion  on  the  methodology  and  test  procedures  involved  with 
RDD  testing  are  presented  in  Chapters  3  and  5.  Results  from  the  2001  RDD  testing 
included  a  general  examination  of  the  variability  of  the  pavement  structural  condition 
along  the  length  of  the  runway.  Four  specific  regions  were  analyzed,  with  pavement 
deflection  response  and  structural  conditions  being  annotated.  These  four  regions  are 
illustrated  on  the  complete  runway  deflection  profile  for  Lane  3  shown  in  Figure  4.9a, 
Regions  A,  B,  C,  and  D.  The  longitudinal  test  path  along  Lane  3  was  used  in  the 
analysis,  because  this  is  the  region  of  the  runway  which  comes  into  contact  with  the 
majority  of  the  traffic.  From  the  overall  pavement  profile  it  is  evident  that  there  are 
two  types  of  transverse  joints  within  Runway  16/34,  each  type  exhibited  a  unique 
response.  The  first  type  is  an  expansion  joint,  labeled  as  joints  “A”  in  Figure  4.9b. 
These  joints  exhibited  higher  deflections  than  the  other  joint  type  (doweled 
contraction  joints).  Region  A  (Figure  4.9b)  illustrates  this  phenomenon  with 
expansion  joints  and  contraction  joints,  labeled  “A”  and  “B”  respectively. 


46 


71-kN  Displacement,  rmn 


0 


Stations  Along  Runway  16L/34R 
1000  2000  3000  4000  5000  6000  7000 


0.4 

0.3 

0.2 

0.1 

0.0 

0  500  1000  1500  2000 


Distance  Along  Runway  16L/34R,  m 

a)  Continuous  RDD  Deflection  Profile  (Sensor  #1 )  Along  Path  TL-a 


Distance,  ft 

4800  4900  5000  5100  5200  5300 


Figure  4.9  -  RDD  Deflection  Profile  Runway  16/34  (from  Lee  et  al  2003) 
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16-kips  Displacement,  mils 


In  examining  the  runway  longitudinally,  the  region  between  1,200  and  2,200 
ft  from  the  south  end  of  the  runway  exhibited  the  highest  deflections.  This  area  is 
represented  by  Region  B  in  Figure  4.10a.  Although  this  area  experiences  limited 
traffic,  the  higher  deflection  can  be  attributed  to  the  concentration  of  longitudinal 
cracking.  Region  C  (Figure  4.10b)  represents  the  area  between  2,500  and  3,500  ft 
from  the  south  end  of  the  runway.  This  area  is  located  in  a  cut  section  of  the 
subgrade  and  experiences  limited  and  light  traffic.  Typically  aircraft  takeoff  in  the 
south  direction  along  Runway  16/34,  so  fully-loaded  aircraft  experience  significant 
lift  by  the  time  traffic  reaches  the  region.  Likewise,  landing  aircraft,  lighter  due  to 
fuel  consumption,  pass  over  the  area  enroute  to  parking  aprons.  Region  B 
experienced  the  lowest  mid-slab  deflections,  inferring  the  highest  pavement  system 
integrity  along  the  runway.  Region  D  (Figure  4.10c)  experienced  the  highest  average 
deflections  due  to  its  high  mid-slab  deflections.  This  result  is  attributed  to  the 
collective  effects  of  experiencing  fully  loaded  aircraft  take-off,  aircraft  landing,  and 
the  construction  of  Region  D  over  fill  material  (Lee  et  al.,  2004). 
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Figure  4.10  -  Expanded  RDD  Deflection  Profiles  (from  Lee  et  al.,  2003) 
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One  conclusion  from  the  investigation  showed  a  correlation  between  cut  and 
fill  material  and  higher  deflections,  with  few  exceptions.  A  second  conclusion  was 
that  the  effects  of  traffic  also  played  a  significant  role,  with  the  north  end  of  the 
runway  demonstrating  higher  average  deflections.  Once  again,  the  only  significant 
cracking  distress  was  discovered  in  a  region  of  low  traffic  and  not  in  any  of  the  highly 
trafficked  areas.  Chapters  5  and  7  address  the  more  robust  collection  of  continuous 
deflection  profiles  which  occurred  in  this  study.  In  Chapter  7,  a  comparison  of 
present  day  data  to  the  data  collected  in  2001  is  made  to  observe  changes  in 
deflections  with  time,  over  a  3  year  period  of  traffic  and  environmental  effects. 

4.7  Summary 

In  this  chapter,  a  framework  of  existing  background  conditions  at  the  Fort 
Worth  Meacham  International  Airport  in  Fort  Worth,  Texas  is  established.  The 
information  presented  regarding  history,  usage,  and  geologic  setting  facilitates  the 
development  of  an  accurate  load  testing  model,  presented  in  Chapter  6.  This 
information  also  supports  the  selected  constraints  applied  to  the  testing  within  this 
study,  including  applied  loads  and  anticipated  loads.  Observed  response  of  the 
pavement  during  testing  can  be  clarified  through  an  understanding  of  the  information 
contained  in  this  chapter.  Information  on  construction  of  the  airport  along  with  as- 
built  drawings  are  presented  along  with  the  limited  RDD  deflection  profiling 
performed  in  2001.  This  information  and  the  2001  research  provide  further  insight 
into  expected  deflection  response  of  the  runway  and  enable  observation  of  any 
deflection  response  changes,  which  have  occurred  over  the  3 -year  period  between 
testing. 
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Chapter  5  -  Procedures  for  Airfield  Pavement  Assessment 


5.1  Introduction 

The  following  chapter  focuses  on  the  procedures  and  measures  taken  to  assess 
Runway  16/34  at  Meacham  Airport.  The  first  step  in  preparing  for  the  SDD  SAP 
testing  and  airfield  assessment  was  a  complete  RDD  deflection  profiling,  conducted 
on  each  lane.  The  measured  response  from  the  main  runway  established  a  set  of 
deflection  data  which  could  then  be  used  in  determining  potential  test  locations 
outside  the  runway  which  yielded  similar  responses.  The  details  surrounding  the 
development  of  an  appropriate  load  frame  for  use  in  testing  are  also  discussed. 
Finally,  specifics  of  the  SDD  SAP  testing  application  are  presented  to  detail  the 
selection  of  the  final  three  test  slab  locations  and  the  procedures  surrounding  the  SDD 
SAP  testing  application. 

5.2  RDD  TESTING  ON  RUNWAY  16/34 

Previous  RDD  testing  was  conducted  at  Meacham  Airport  in  June  2001.  At 

that  time,  two  of  the  six  lanes  of  Runway  16/34,  Lane  1  and  Lane  3,  were  profiled 
longitudinally.  As  discussed  in  Section  4.6,  the  two  primary  findings  included  unique 
joint  movements  pertaining  to  joint  type  and  the  localized  effects  due  to  cut/fill  or 
typical  aircraft  trafficking.  Prior  to  beginning  SAP  testing  with  the  SDD  method,  an 
in-depth  investigation  of  the  runway  was  performed.  This  investigation  included 
profiling  along  all  six  lanes  of  the  airfield  as  described  below.  A  comparison  of  the 
results  from  present  day  deflection  testing  to  data  obtained  in  2001  is  presented  in 
Chapter  7. 

During  the  initial  testing  period  in  July  2004,  a  team  from  the  Geotechnical 
Engineering  Program  in  the  Department  of  Civil  Engineering,  University  of  Texas  at 
Austin,  conducted  a  comprehensive  RDD  assessment  of  Runway  16/34  at  Meacham 
Airport.  The  team,  composed  of  three  graduate  students  and  one  technician,  initiated 
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each  pass  at  the  mid-slab  point  at  the  south  end  (34  end)  of  the  runway,  beginning  at 
Lane  1  and  continuing  through  Lane  6.  Figure  4.1  shows  the  testing  orientation  for 
all  six  passes.  Every  100  ft  (every  four  slabs)  in  the  longitudinal  direction  of  the 
runway,  a  point  mark  was  placed  so  that  precise  locations  could  be  referenced  during 
continuous  RDD  testing  along  the  7,500-foot  long  runway. 
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Figure  5.1  -  RDD  Profiling  Paths  Along  the  Longitudinal  Centerlines  of  All  Six 
Lanes  of  the  South  End  (34  End)  of  Runway  16/34 

In  the  same  manner  as  in  2001,  RDD  testing  took  place  during  airport- 
designated,  non-flying  hours  from  1000  to  0600  hours.  Due  to  the  challenges  of 
nighttime  operation,  each  member  of  the  four-person  team  served  a  separate  and 
important  function  during  testing.  A  technician  operated  the  RDD,  ensuring  location 
(along  the  centerline  of  the  slabs)  and  testing  speed  (approximately  1.0  mph).  A 
second  team  member  acted  as  a  “point  man”,  assisting  the  driver  to  ensure  that  the 
RDD  stayed  on  a  straight  path  during  testing.  An  additional  member  stood  at  100- 
foot  markings  to  ensure  marking  data  were  recorded  at  the  correct  interval  distances. 
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The  final  member  managed  the  computer-interface,  data-retrieval  system,  validating 
proper  reading,  retrieval,  and  logging  of  data. 

Prior  to  RDD  deflection  testing,  specific  test-controlled  parameters  were 
established.  For  the  loading,  a  static  hold-down  force  of  18  kips  was  utilized  with  a 
16-kip  peak-to-peak  force  (maximum  of  26-kip  and  minimum  of  10-kip  load).  In  all 
cases,  a  loading  frequency  of  35  Hz  was  used.  These  values  are  typical  of  test 
parameters  used  in  RDD  deflection  testing.  The  16-kip  peak-to-peak  dynamic  force 
provided  an  ample  load  to  produce  a  measurable  deflection  response.  The  slow  test 
speed  of  approximately  1.0  mph  and  the  loading  frequency  of  35  Hz  (which  equates 
to  35  load  repetitions  over  2.2  ft  of  test  path),  allowed  development  of  a  robust 
deflection  profile.  Sensor  #1,  Sensor  #3,  and  Sensor  #4  were  used  during  data 
collection,  Sensor  #2  was  out  of  service  at  the  time  of  testing.  Sensor  #1  provided 
deflection  data  directly  adjacent  to  the  loading  rollers.  Figure  5.2  shows  the  RDD  and 
the  orientation  of  the  sensors  beneath  the  test  vehicle.  Note  in  this  figure,  the  sensors 
are  in  the  up  position  for  vehicle  movement  to  a  given  test  location  and  will  be 
lowered  to  pavement  surface  during  testing  operations.  Figure  5.3  gives  specific 
dimensions  for  the  sensor  array. 
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Figure  5.2  -  Close-Up  of  Sensor  Configuration  for  RDD  Testing 


Figure  5.3  -  Dimensions  of  Sensor  Array 
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Following  completion  of  testing  along  the  centerline  of  each  of  the  six  runway 
lanes,  additional  RDD  testing  was  conducted  along  three  longitudinal  joints  on  the 
north  end  (16  end)  of  the  runway  (see  Figure  5.4).  This  area  of  the  runway  has  been 
subjected  to  the  most  traffic,  including  fully- loaded  aircraft  taxiing  prior  to  takeoffs, 
actual  aircraft  takeoff  operations,  and  the  majority  of  the  touchdowns  during  landing 
operations.  Tests  were  conducted  with  one  loading  roller  positioned  approximately  3 
to  6  inches  from  the  joint.  A  photograph  showing  the  roller  positioned  prior  to  test 
execution  is  presented  in  Figure  5.5.  Testing  was  conducted  along  the  initial  1,000  ft 
(304.8  m)  of  the  runway.  The  center  longitudinal  joint,  between  Lane  3  and  Lane  4, 
was  tested  on  both  sides.  In  addition,  the  inside  edge  of  the  longitudinal  joints 
between  Lane  2  and  Lane  3  and  between  Lane  4  and  Lane  5  were  also  tested.  Figure 
5.4  illustrates  these  test  paths. 


Figure  5.4  -  RDD  Test  Paths  Used  to  Investigate  Longitudinal  Joints  on  North 

End  (16  End)  of  Runway  16/34 
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Figure  5.5  -  Loading  Roller  in  Position  to  Test  Longitudinal  Joints 

Several  assumptions  and  sources  of  error  that  should  be  noted  are  embedded  in  the 
RDD  testing  method.  In  general,  RDD  testing  is  not  a  true  deflection  measurement; 
rather  it  is  a  relative  measurement.  Due  to  the  continuous  nature  of  testing,  an  exact 
deflection  response  at  an  exact  point  with  a  specific  load  is  not  attainable  (unless  the 
RDD  device  is  stationary  which  is  possible  if  needed).  In  addition,  the  49-kip  load 
from  the  weight  of  the  device,  imposed  on  the  pavement  surface  over  the  extent  of  the 
wheelbase,  will  effect  deflection  measurements.  Since  this  deformation  due  to  the 
weight  of  the  RDD  occurs  over  the  continuous  testing  area,  results  are  most 
conclusive  when  compared  along  the  linear  test  area.  As  with  most  testing  methods, 
the  human  element  introduces  possibilities  of  error.  During  testing,  it  is  impossible  to 
keep  the  rate  of  movement  constant.  The  varying  speed  rate  can  cause  some  areas  to 
endure  additional  loads  per  a  given  test  length,  causing  the  deflection  response  to 
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deviate  slightly  from  a  true  equal-rate  response.  In  addition,  the  test  relies  on  human 
control  for  maintaining  a  linear  test  path.  The  natural  wander  in  the  steering  controls 
of  the  RDD  makes  this  impossible.  Therefore,  results  can  deviate  from  the  assumed 
test  path.  Finally,  the  nighttime  nature  of  operations  for  the  RDD  and  human 
exhaustion  and  fatigue  also  play  a  role  in  the  probability  for  error.  Notwithstanding 
these  potential  sources  of  error,  the  RDD  has  proven  to  be  an  effective  method  for 
determining  relative  deflections  and  subsequently  relative  stiffnesses  of  a  pavement 
structure  over  the  extent  of  a  testing  area.  Typical  RDD  test  results  and 
measurements  performed  in  this  study  are  presented  in  Chapter  7.  The  complete  set 
of  results,  including  additional  deflection  profiles  of  the  longitudinal  joints  on  the 
north  end  of  Runway  16/34,  will  be  presented  in  a  companion  study  (Nam,  2005). 

5.3  Selection  of  SDD  test  locations 

SDD  test  locations  were  determined  by  conducting  both  visual  field  surveys 

and  RDD  profiling  of  potential  locations.  Any  SAP  testing  that  would  be  conducted 
on  Runway  16/34  would  have  to  be  accomplished  during  hours  of  darkness  (non¬ 
flying  hours).  Limitations  of  visual  measurements  and  general  testing  operations 
associated  with  nighttime  testing,  coupled  with  the  limited  8-hour  test  period  resulted 
in  a  decision  to  locate  the  testing  area  on  the  taxiways  and  run-up  areas.  Figure  5.6 
identifies  each  of  the  eight  candidate  SDD  test  areas  on  the  taxiways  or  run-up  areas. 
Note  the  North  and  South  Run-Up  areas  are  also  referred  to  as  the  North  and  South 
End-Arounds. 
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Figure  5.6  -  Candidate  Locations  for  SDD  Testing 


Prior  to  beginning  the  SAP  testing  portion  of  the  study,  an  as-built  review  and 
visual  survey  was  conducted  of  all  candidate  locations.  The  objective  of  this 
selection  process  was  to  find  pavement  test  slabs  at  candidate  test  locations  which 
matched  the  pavement  on  Runway  16/34.  The  pavement  needed  to  be  similar  in 
composition,  thickness  of  layers,  cut  or  fill  section,  and  visual  appearance  and 
condition.  Not  all  six  taxiway  and  two  runway  end-around  locations  produced  viable 
prospective  test  locations.  Taxiway  A- 5  only  contained  6  in.  of  PCC,  compared  with 
the  9  and  10  in.  of  Runway  16/34.  Taxiway  A-2  has  been  resurfaced  and  now 
features  the  original  9  in.  PCC  with  an  AC  overlay.  A  typical  cross-section  of 
original  taxiway  pavement  has  been  included  in  Figure  5.7  to  illustrate  taxiway 
composition. 


Figure  5.7  -  Taxiway  Cross  Section  (CBI,  1972) 


Upon  completion  of  the  visual  survey,  three  final  candidate  locations  were 
selected:  (1)  Taxiway  A-6,  (2)  South  Run-Up  area  (34  end),  and  (3)  North  Run-Up 
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area  (16  end).  Taxiway  A-6  is  composed  of  a  9-inch  thick  PCC  layer,  similar  to  the 
thinner  portions  of  the  runway.  The  Taxiway  A6  candidate  location  is  indicated  on 
Figure  5.6  with  a  cross-hair  circle,  the  only  symbol  located  on  the  taxiway  between 
the  main  runway  and  parallel  taxiway.  Both  run-up  areas  have  a  PCC  thickness  of  10 
in.,  the  same  thickness  as  the  first  1000  ft  of  both  ends  of  the  runway.  These  three 
candidate  locations  were  selected  due  to  the  similar  dimensions  and  visual  condition 
to  Runway  16/34.  Figure  5.8  illustrates  the  typical  section  and  composition  of  the 
three  test  locations  along  side  a  typical  section  of  the  Runway  16/34.  Upon 
completion  of  the  visual  survey  and  correspondence  of  as-built  information,  RDD 
profiling  was  performed  on  the  three  candidate  locations.  The  three  final  candidate 
test  locations  are  denoted  with  crossed  circles  in  Figure  5.6.  In  addition  to  matching 
the  physical  properties,  the  objective  of  RDD  testing  was  to  match  the  deflection 
profiles  of  the  candidate  location  to  that  of  problematic  areas  of  the  runway.  Similar 
responses  in  the  three  areas  would  allow  more  accurate  correlation  of  test  location 
data  to  actual  runway  conditions. 


Taxi  way  A6 


South/North 

Run-Ups 


Runway  16/34 


PCC  -  Portland  Cement  Concrete 
CSB  -  Cement  Stabilized  Base 
LSS  -  Lime  Stabilize  Subarade 


Figure  5.8  -  Layer  Dimensions  for  Final  Candidate  Test  Locations 
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Once  again,  assumptions  had  to  be  made  and  sources  of  potential  errors 
needed  to  be  highlighted  in  the  test  location  selection  process.  First,  all  as-built 
information  was  assumed  correct.  Visual  surveys  were  conducted  to  highlight  any 
changes  and  alterations  to  the  pavement  since  construction  in  1975.  Key  airport 
maintenance  personnel  were  conferred  with  to  ensure  original  concrete  was  assessed 
when  the  visual  survey  was  questionable.  It  was  also  assumed  that  if  the  deflection 
profiles  at  the  test  locations  were  comparable  to  the  profiles  measured  on  Runway 
16/34,  then  they  could  be  assumed  to  be  representative  of  the  main  runway.  Even 
though  the  test  locations  were  not  part  of  the  main  runway,  the  test  sections  were 
found  to  be  similar  in  age  and  condition.  Apparent  sources  of  error  and  variation 
include  the  fact  that  no  two  in-service  concrete  pavements  are  exactly  the  same, 
because  subsurface  conditions  and  concrete  composition  vary  which  may  cause 
different  situations  to  produce  similar  deflection  responses.  A  more  extensive  round 
of  testing  encompassing  a  greater  number  test  points  could  further  enhance  the 
findings  of  this  study  by  providing  additional  data  covering  a  larger  range  of  testing 
locations. 

5.4  Load  Frame  Configuration 

In  order  to  load  a  pavement  over  a  specific  load  footprint,  a  load  frame  needed 

to  be  configured  and  constructed.  Various  load  frames  have  been  used  in  the  past,  as 
previously  mentioned  in  Section  3.6.  The  principal  challenges  with  designing  a  load 
frame  for  SAP  testing  is  the  stability,  contact  locations,  and  contact  pressure 
distribution  with  the  pavement  during  dynamic  load  application.  Previous 
configurations  have  been  found  unstable  and  a  challenge  in  maintaining  contact 
during  dynamic  loading.  Rubber  pads  have  been  used  to  improve  load  distribution 
across  contact  areas  with  limited  success.  Previous  SAP  testing  operations  have 
found  rubber  pads  to  be  ineffective;  the  super-accelerated  nature  of  the  testing  has  led 
to  deterioration  of  these  pads.  Direct  contact  between  the  pavement  surface  and  steel 
pads  has  proven  to  be  successful  and  was  used  for  all  testing  conducted  herein. 
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Previous  SDD  SAP  testing  conducted  on  flexible  pavements  has  included  the 
use  of  a  steel  reference  frame,  in  addition  to  a  load  frame.  This  reference  frame 
provided  a  point  of  reference  for  vertical  displacement  transducers.  The  focus  of  the 
previous  testing  was  the  permanent  deformation  (rutting)  of  a  flexible  pavement, 
which  required  a  reference  point  for  deformation  over  time  (Stokoe  et  al.,  2000). 
Figure  5.9  shows  a  typical  arrangement  for  dual- wheel  loading  used  in  previous 
testing  applications.  A  different  load  frame  was  constructed  for  use  on  full-scale  rigid 
pavement  slabs  (Suh  et  al.,  2004).  This  load  frame  consisted  of  welded  and  braced 
steel  I-beams  with  circular  loading  pads.  The  load  frame  configuration  formed  a  T- 
shape  with  three  circular  loading  pads.  A  schematic  of  this  load  frame  is  presented 
with  associated  dimensions  in  Figure  5.10. 


Steel  Disk: 


Figure  5.9  -  Example  Load  Frame  Arrangement  for  Dual- Wheel  Footprint 
Representation  for  Testing  Flexible  Pavements  (Stokoe  et  al.,  2000) 
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Figure  5.10  -  Schematic  of  Load  Frame  and  Configuration  of  Loading  Pads  for 
Testing  PCC  Mid-Slab  Regions  (Suh  et  aL,  2004) 

The  existing  load  frame  had  a  single  load  transfer  point.  To  enable  load 
transfer  from  the  dynamic  system  to  the  pavement,  a  load  point  was  employed  which 
consisted  of  a  4  in.  diameter  steel  round  cut  to  form  a  disc  with  a  thickness  of  0.75  in. 
The  disc  was  welded  to  the  geometric  center  of  the  frame  configuration  and  the 
loading  pads.  This  set  up  effectively  distributed  33.3%  of  the  load  onto  each  pad,  as 
seen  in  Figure  5.10.  For  the  SAP  testing  performed  in  this  research,  a  dual-wheel 
load  was  desired.  A  dual  wheel  load  configuration  was  desired  since  46%  of  the 
traffic  analyzed  was  either  dual-wheel  or  dual  tandem  gears.  Although  the  amount  of 
single-wheel  traffic  was  roughly  the  same,  the  dual-wheel  traffic  represented  the 
majority  of  the  total  quantity  of  loading  imparted  on  the  airfield  and  therefore  became 
the  desired  model  for  load  configuration.  The  dimensions  for  the  circular  pad  were 
already  established  under  the  previous  research.  The  footprint  created  from  the  dual- 
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wheel  configuration  was  on  the  order  of  2.5  times  the  area  of  the  highway  design 
standard  of  18-kip  axle  with  dual  wheels,  making  it  acceptable  for  aircraft  traffic 
modeling.  Since  this  testing  was  conducted  on  rigid  pavements,  it  is  the  total  load 
rather  than  the  contact  stress  that  governed  the  pavement  response  and  performance. 
Therefore  tire  pressure  was  not  considered,  but  rather  total  load  imparted  by  aircraft. 
The  use  of  total  load  helped  to  further  simplify  the  traffic  data,  since  data  from  over 
120  aircraft  (with  varying  weights,  tire  pressures,  and  frequencies)  were  incorporated 
into  the  traffic  model.  A  comparison  of  load  frame  induced  stresses  and  deflection 
responses  to  actual  aircraft  footprints  using  a  finite  element  model  is  discussed  later 
in  the  chapter.  It  should  be  noted,  that  results  of  finite  element  analysis,  further 
support  load  frame  configuration  as  a  viable  representative  of  aircraft  loading. 

Adding  a  “third  wheel”,  to  the  dual-wheel  footprint  discussed  above,  would 
less  accurately  represent  aircraft  traffic  loading  conditions  and  dimensions.  To  ensure 
proper  load  application,  an  additional  load  point  was  welded  to  the  center  point 
between  the  top  two  wheel  loads,  effectively  the  center  point  of  the  cross  bar  of  the 
“T”  configuration.  Figure  5.11  shows  the  same  schematic  as  in  Figure  5.10,  but  with 
the  added  load  points.  In  addition  to  the  load  point  for  dual  wheel  load  equivalence,  a 
supplementary  point  was  placed  over  the  other  end  (base  of  the  “T”)  for  single  wheel 
load  equivalence.  This  point  was  positioned  for  future  research  and  applications;  it 
was  considered  too  unstable  under  the  SDD  loading  performed  in  this  study.  Final 
determination  between  a  two-wheel  load  configuration  and  a  three-wheel  load 
configuration  was  resolved  during  field  operations  at  Meacham  Airport.  A  decision 
prior  to  actual  onsite  testing  was  not  attainable  due  to  equipment  scheduling  and 
obligations,  the  SDD  configuration  of  the  RDD  would  not  be  installed  until  in  the 
field,  directly  prior  to  the  testing  within  this  research,  eliminating  a  chance  to  test  the 
altered  load  frame. 
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Figure  5.11  -  Schematic  of  Altered  Load  Frame  and  Configuration  of  Loading 

Pads 

In  making  the  final  selection  to  use  a  two-wheel  loading  frame  configuration 
instead  of  a  three-wheel  load  frame  configuration,  several  assumptions  had  to  be 
made.  Prior  to  a  field  operations  check  to  ensure  the  load  frame  was  stable  and  to 
determine  which  configuration  would  be  used  during  actual  field  testing,  it  was 
assumed  that  the  two-wheel  (dual  wheel)  loading  scheme  was  preferred.  Ultimately, 
the  dual  wheel  configuration  more  accurately  represents  the  majority  of  the  traffic 
experienced  by  the  airport.  The  “third  wheel”  provided  no  analytical  advantage,  only 
additional  stability  under  dynamic  loading.  A  sensitivity  analysis  was  performed 
using  EverFE  finite  element  computer  program.  EverFE  is  a  3-D  finite  element 
analysis  tool  developed  jointly  by  the  University  of  Maine  and  the  University  of 
Washington,  with  funding  by  California  and  Washington  State  Departments  of 
Transportation.  The  solver  is  a  multi-grid,  preconditioned  conjugate  gradient 
algorithm  utilizing  un-nested  mesh  sequences,  with  a  maximum  meshing  sequence  of 
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12  by  12  (Davids,  2004).  This  analysis  has  been  included  in  Appendix  B  for 
examination  and  review.  The  analysis  allowed  a  comparison  of  the  stress  induced  in 
the  pavement  by  a  two-wheel  loading  scenario  versus  a  three-wheel  loading  scenario 
for  the  same  given  load.  Through  sensitivity  analysis  a  scalable  factor  was  determine 
to  apply  to  a  three-wheel  loading  scenario  to  produce  the  same  induced  stresses  as  a 
given  two-wheel  loading  scenario,  for  center,  edge,  and  comer  load  points.  Upon 
commencing  field  testing,  it  was  determined  that  dual-wheel  loading  was  a  reasonable 
method  to  be  utilized  during  testing.  The  scalable  factors  from  the  previous 
mentioned  analysis  were  not  required  for  this  study,  but  have  been  included  in 
Appendix  B  for  use  in  future  studies  of  the  same  load  frame.  An  additional 
assumption  was  made  that  the  two-wheel  loading  scenario  enabled  an  equal  50/50 
load  distribution  between  the  two  circular  loading  pads.  Although  the  frame 
configuration  was  rigid,  it  was  assumed  that  the  load  produced  on  the  “third  wheel” 
would  be  negligible  for  the  SAP  testing  conditions,  given  the  load  point  directly 
between  the  two  pads.  To  verify  this  assumption,  future  studies  should  include  load 
cells  in  all  three  “wheels”  of  the  load  frame. 

5.5  SDD  Application 
5.5.1  Test  Pad  Locations 

Upon  completion  of  preliminary  RDD  testing  and  selection  of  SAP  testing 
locations,  four  extended  days  of  testing  began  in  August  2004.  Prior  to 
commencement  of  SAP  testing,  operation  checks  were  performed  on  all  equipment, 
including  calibration  of  the  load  cell  used  as  the  contact  point  between  the  dynamic 
load  system  of  the  SDD  and  the  load  frame.  Each  selected  slab  was  tested  at  three 
load  locations  typically  used  when  examining  stresses  and  deflections  in  rigid 
pavements:  center  of  the  slab,  edge  of  the  slab,  and  comer  of  the  slab.  The  three  load 
locations,  on  each  slab,  are  further  discussed  within  the  SAD  SAP  testing  procedures 
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in  Section  5.5.2.  Location,  orientation  of  accelerometers,  and  dimensions  for  all  three 
load  locations  are  illustrated. 

Due  to  the  nature  and  orientation  of  the  RDD  testing  during  the  first  phase, 
longitudinal  deflection  profiles  along  the  middle  of  each  lane  were  measured  on  the 
runway.  These  data  show  the  action  of  traffic  crossing  the  transverse  joints.  For  that 
reason,  transverse  joints  with  comparable  deflections  and  load  transfer  relationships 
were  selected  and  tested.  At  Meacham  Airport,  the  transverse  joints  were  comprised 
of  three  types:  expansion  (1  1/4-in.  wide  with  neoprene  sealant),  contraction  (7/16-in. 
wide  with  1-in.  diameter  smooth  dowel  and  neoprene  sealant),  and  dummy  (3/8-in. 
wide  with  neoprene  sealant).  As  noted,  only  contraction  joints  contained  a  load 
transfer  mechanism  beyond  aggregate  interlock.  Longitudinal  joints  were  comprised 
of  two  types:  construction  joint  with  keyway  (7/16-in.)  and  construction  joint  with  tie 
bar  (7/16-in.  wide  with  #5  rebar).  As-built  drawings  did  not  delineate  specific  joint 
type  for  a  specific  slab  location  (CBI,  1972).  Visual  surveys  and  field  judgment  were 
used  to  surmise  conditions  and  type  of  joint  at  each  test  slab  with  the  desire  to  test 
“the  worst  case”;  hence,  the  3/8-in.  dummy  joints  without  load  transfer  mechanism. 

Under  the  SDD  SAP  testing  performed,  transverse  joints  were  analyzed  under 
edge  and  comer  loadings.  Transverse  joints  experience  “true”  load  transfer 
conditions  under  traffic  loading,  where  as  mid-slab  areas  cycle  between  loaded  and 
unloaded  conditions  with  each  pass.  These  joints  experience  a  high  volume  of 
repetitions,  are  situated  perpendicular  to  expected  traffic,  and  rely  solely  on  aggregate 
interlock  at  transverse  dummy  joints.  Under  a  moving  wheel  load,  one  side  would  be 
fully  loaded,  whereas  the  other  side  would  have  no  external  load.  After  movement  of 
the  aircraft  landing  gear  past  the  joint,  the  loading  condition  would  reverse;  this 
succession  of  loading  and  unloading  leads  to  one  of  the  prominent  manifestations  of 
distress  in  rigid  pavements,  pumping  (Miller  and  Bellinger,  2003). 
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SAP  Testing  Location  on  Taxiway  A6 

Testing  commenced  with  operations  at  the  location  on  Taxiway  A6.  Taxiway 
A6  consisted  of  the  thinner  9-in.  PCC  pavement.  The  test  location  was  within  the 
typical  area  of  traffic  movement.  However,  with  six  active  taxiways  on  Meacham 
Airport,  Taxiway  A6  received  a  limited  amount  of  traffic  applications  in  comparison 
to  Runway  16/34.  The  specific  location  of  the  selected  slab  is  shown  below  in  Figure 
5.12,  with  the  orientation  of  the  RDD  test  paths  denoted.  To  ensure  the  test  slab 
tested  was  comparable  to  the  runway  pavement,  deflection  data  were  compared.  The 
deflection  data  gathered  on  the  mid-slab  and  joint  slab  were  4.0  and  7.1  mils 
respectively.  These  deflection  values  are  comparable  to  the  target  deflection  data 
from  Runway  16/34.  Figure  5.13  shows  RDD  deflection  measurements  from  the  test 
path  with  the  test  slab  highlighted.  Table  5.1,  presented  at  the  end  of  this  section, 
summarizes  all  respective  mid-slab  and  joint  deflection  data  for  all  three  test  slab 
locations.  Specific  slab  data  is  presented  for  the  test  locations,  while  a  range  is  given 
for  Runway  16/34.  The  range  is  obtained  from  data  which  is  presented  in  detail  in 
Section  7.2.2. 


68 


Figure  5.12  -  RDD  Test  Paths  and  SAP  Testing  Location  at  Taxiway  A6 
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Figure  5.13  -  RDD  Deflection  Response  for  Taxiway  A6  Test  Path 
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SAP  Testing  Location  on  South  Run-Up 

Following  testing  and  data  collection  on  Taxiway  A6,  the  SDD  equipment 
was  relocated  to  the  south  end  of  the  runway.  At  the  South  Run-Up  area,  another  slab 
was  tested.  The  south  end  run-up  area  was  comprised  of  multiple-age  PCC, 
constructed  and  repaired  over  periods  of  expansion  and  drainage  reconstruction,  since 
the  original  construction  29  years  ago.  The  South  Run-Up  area  consisted  of  a  10-inch 
thick  PCC  pavement.  Testing  was  orientated  on  the  slab  as  shown  below  in  Figure 
5.14.  The  test  location  was  within  the  area  of  traffic  movement,  however  the  south 
end  run-up  area  received  limited  traffic  since  the  majority  of  taxing  and  take-off 
operations  were  generated  at  the  north  end.  The  deflection  data  gathered  on  the  mid¬ 
slab  and  joint  were  3.0  and  4.8  mils,  respectively.  These  deflection  data  are 
comparable  to  the  target  deflection  data  from  Runway  16/34.  Figure  5.15  shows 
RDD  deflection  measurements  from  the  test  path  with  the  test  slab  highlighted. 
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Figure  5.14  -  RDD  Test  Paths  and  SAP  Testing  Location  at  South  Run-Up 

(34  End) 


Figure  5.15  -  RDD  Deflection  Response  for  South  Run-Up  Area  Test  Path 
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SAP  Testing  Location  on  North  Run-Up 

Following  completion  of  the  SAP  testing  at  the  South  Run-Up,  testing 
proceeded  at  the  third  and  final  location  at  the  North  Run-Up  area.  Like  the  South 
Run-Up,  this  testing  location  consisted  of  a  10-in.  thick  PCC  pavement.  The  specific 
location  of  the  test  slab  within  the  run-up  area  is  shown  in  Figure  5.16.  The  test 
location  was  detached,  outside  the  area  of  direct  trafficking.  The  deflection  data 
gathered  on  the  mid-slab  and  joint  tested  were  2.1  and  2.8  mils,  respectively.  These 
values  are  marginally  better  than  the  target  deflection  data  from  Runway  16/34. 
Figure  5.17  shows  RDD  deflection  measurements  from  the  test  path  with  the  test  slab 
highlighted. 


Figure  5.16  -  RDD  Test  Paths  and  SAP  Testing  Location  at  North  Run-Up 

(16  End) 
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Figure  5.17  -  RDD  Deflection  Response  for  North  Run-Up  Test  Path 

Table  5.1  -  Comparison  of  RDD  Deflection  Measurements  of  Runway  16/34  and 

Selected  Test  Locations 


Location 

Typical  Mid-Slab 

Typical  Joint  Deflection 

Deflection  (mils) 

(mils) 

Runway  16/34 

2.4 -3.8 

3.6 -6.5 

Taxiway  A6  -  Test  Slab 

4.0 

7.1 

South  Run-Up  -  Test  Slab 

3.0 

4.8 

North  Run-Up  -  Test  Slab 

2.1 

2.8 

5.5.2  Procedures  for  SDD  SAP  Testing  Application 

The  SDD  SAP  test  set  up  was  similar  at  each  of  the  three  test  points:  center, 

edge,  and  comer.  Orientation  of  loading  and  spacing  of  components  remained 
constant  for  all  three  test  points  at  each  slab.  Figure  5.17  illustrates  the  layout  of  the 
load  point  with  respect  to  the  accelerometer  locations,  with  the  spacings  consistent  at 
all  three  load  points.  The  center  loading  scenario  has  been  magnified  in  Figure  5.18 
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for  clarity  of  dimensions.  Generally  speaking,  three  accelerometers  were  placed  to 
detect  pavement  response.  The  first  accelerometer  was  placed  mid-way  between  the 
two  circular  load  footprints,  and  6  in.  ahead  (towards  the  joint)  of  the  center  point  of 
loading  footprint.  For  edge  and  comer  loading,  this  equated  to  the  center  point  of 
loading  being  place  1  ft  from  the  transverse  joint.  Therefore,  the  first  accelerometer 
was  placed  midway  between  the  load  point  and  the  joint,  6  in.  from  both.  The  second 
accelerometer  was  placed  an  additional  foot  from  the  first  accelerometer  (6  in.  on  the 
other  side  of  joint  for  both  edge  and  comer  loadings),  for  a  total  of  1.5  ft  from  the 
center  of  the  load  footprint.  The  third  accelerometer  was  placed  an  additional  foot 
from  the  second  accelerometer  for  a  total  of  2.5  ft  from  the  center  of  the  load 
footprint  (1.5  ft  on  the  other  side  of  joint  for  both  edge  and  comer  loading). 

As  previously  mentioned,  all  testing  was  conducted  1  ft  from  the  slab 
transverse  edge.  In  the  case  of  comer  testing,  the  center  of  load  point  was  moved  an 
additional  6.5  in.  from  the  longitudinal  joint  (see  Figure  5.18).  The  additional  6.5  in. 
represented  half  the  distance  between  the  two  circular  loading  pad  centers.  This 
placement  allowed  the  center  of  the  left  “wheel”  to  be  one  foot  from  both  the 
transverse  and  longitudinal  joint  (see  Figure  5.19).  If  the  center  point  of  the  dual¬ 
wheel  system  had  been  used,  then  the  left  “wheel”  would  have  been  less  than  2  in. 
from  the  joint,  with  the  focus  of  the  effect  of  loading  on  the  longitudinal  joint,  not  the 
transverse  joint.  This  layout  also  enabled  the  supplemental  testing  to  be  conducted  at 
the  final  corner  loading  at  the  North  Run-Up,  with  two  additional  accelerometers 
placed  6  in.  on  both  sides  of  the  longitudinal  joint. 
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Figure  5.18  -  Loading  and  Accelerometer  Configurations 
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Figure  5.19  -  Corner  Loading  Dimensions  with  Respect  to  Joint 
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Deviation  from  the  above  dimensions  took  place  during  the  first  edge  test 
(only  occurrence).  The  load  point  was  placed  an  additional  six  inches  from  the  edge 
and  the  first  accelerometer.  The  overall  layout  regarding  accelerometers  and  joint 
location  remained  the  same.  Only  the  load  point  moved  this  additional  six  inches. 
The  reason  for  additional  spacing  was  to  insure  any  errant  movement  of  the  load 
frame,  during  dynamic  load  testing,  would  not  interfere  or  potentially  damage  the 
nearest  accelerometer.  Once  the  test  application  was  proved  stable  and  unmoving, 
testing  commenced  with  the  aforementioned  distances  between  the  load  frame  and 
accelerometers.  In  the  presentation  of  analysis  of  SDD  field  measurements  in  Section 
9.2.1,  this  irregularity  is  addressed  and  an  adjustment  factor  is  determined  to  make  the 
response  analogous  to  the  other  test  points. 

Each  accelerometer  was  connected  to  an  accelerometer  conditioner,  which 
conditioned  the  measured  signal  into  a  calibrated  output  voltage.  Figures  5.20  and 
Figure  5.21  are  photographs  which  depict  the  overall  test  set-up  for  both  typical 
center  loading  and  the  final  comer  loading  (supplemental  test  with  additional 
accelerometers).  The  accelerometer  conditioners  were  then  connected  to  an  amplifier 
to  boost  the  signal,  prior  to  inputting  their  output  into  a  computer  interface  and 
recording  the  voltage  output  versus  time  (a  time-history  of  the  output). 
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Figure  5.20  -  Typical  Center-Loading  Setup 
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Figure  5.21  -  Corner  Loading  at  North  Run-Up  -  Supplemental  Test  Setup 
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The  frequency  of  loading  was  set  at  20  Hz  throughout  all  nine  tests.  Details  of 
the  loads  levels  (hence  determination  of  the  traffic  model  used  in  this  testing)  are 
provided  in  Chapter  6.  The  load  cell  measurements  were  recorded  at  a  sampling  rate 
of  200  readings  per  second.  Due  to  time  and  test  constraints,  the  same  test  slab  was 
used  for  each  set  of  three  test  scenarios:  center,  edge,  and  comer.  Distances  in  excess 
of  10  ft  between  adjacent  test  points,  limited  any  effects  from  one  test  to  the  next.  As 
a  standard  for  field  testing  procedures,  if  any  discemable  cracking  was  observed,  a 
separate  slab  would  have  been  selected  if  additional  points  were  planned.  However, 
no  cracking  was  evident,  as  is  discussed  Chapter  9  and  Chapter  10. 

5.5  Summary 

In  this  chapter,  the  procedures  and  measures  devised  to  assess  the  condition  of 
the  pavement  of  Runway  16/34  at  Meacham  Airport  are  discussed.  A  complete  RDD 
deflection  profile  was  conducted  on  the  main  runway,  establishing  a  deflection 
response  which  was  then  compared  to  potential  test  locations  on  other  pavement 
sections,  outside  the  runway.  These  taxiway  and  run-up  pavement  sections  were 
selected  as  to  not  dismpt  airfield  operations  in  the  event  of  damage  during  testing.  A 
comparable  response  enabled  final  selection  of  three  candidate  test  locations.  The 
SDD  SAP  testing  application  and  procedures  are  presented  along  with  an  in-depth 
examination  of  the  load  frame  development. 
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Chapter  6  -  Development  of  Traffic  Model 


6.1  Introduction 

The  reason  for  developing  a  traffic  model  was  to  determine  a  loading  scenario 
which  would  replicate  the  expected  traffic  at  Meacham  Airport.  The  traffic  history 
containing  all  airport  operations  over  the  past  6.5  years  was  assembled.  Several 
assumptions  were  made  to  take  the  known  data  and  predict  the  future  traffic.  In  this 
chapter,  the  development  of  the  traffic  model  is  presented,  from  data  collection 
through  final  model  determination.  The  final  traffic  model  is  composed  of  a  three¬ 
tiered  loading  scenario,  in  which  application  of  a  given  number  of  cycles  of  loads  at 
three  different  load  levels  is  used  to  represent  5-year  periods.  This  series  of 
applications  is  then  repeated  over  a  20-year  equivalent  period  of  loading,  as  discussed 
below. 


6.2  Original  Data 

The  Aviation  Division  of  TxDOT  received  a  substantial  set  of  data  about 
traffic  operations  at  Meacham  Airport  from  the  FAA.  These  data  consisted  of  a 
listing  of  every  operation,  both  take-offs  and  landings,  which  had  occurred  at 
Meacham  International  Airport  from  the  period  of  January  1998  through  May  2004. 
The  end  date  was  determined  by  the  nearest  complete  month  at  the  time  of  data 
retrieval.  Data  contained  in-depth  information  of  every  operation  occurring  at  the 
airport,  down  to  the  tail  number  of  the  specific  aircraft.  The  alphanumeric  four-digit 
International  Civil  Aviation  Organization  (ICAO)  aircraft  type  designator  enabled 
determination  of  the  specific  make,  model,  and  type  of  aircraft  for  each  operation. 

The  purpose  of  retrieving  these  data  was  to  obtain  an  accurate  history  of  the 
actual  loads  applied  to  the  airport  pavement,  from  which  a  future  traffic  model  and 
loading  scenario  for  SAP  testing  could  be  determined. 
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6.3  Data  Reduction  and  Simplification 

To  reduce  the  large  volume  of  data  acquired  from  the  FAA,  significant 

simplifications  were  required  to  enable  consumption,  utilization,  and  processing  of 
the  massive  record.  Over  150,000  single  line  entries  had  to  be  reduced  into  a 
manageable  and  usable  database.  The  Aviation  Division  of  TxDOT  led  the  task  in 
reducing  the  extensive  data  into  a  useable  set  of  information.  First,  the  information 
was  sorted  by  type  designator  (aircraft  type)  and  by  total  operations  per  year  of  that 
aircraft  type.  Next,  estimated  weights  and  tire  pressures  were  added  for  the  known 
designators.  Furthermore  any  exceptionally  lightweight  aircraft,  with  total  weight 
under  10,000  pounds,  were  removed  from  the  analysis.  It  was  assumed  that  these 
lightweight  aircraft  would  subject  the  pavement  to  negligible  stresses,  stress-levels 
which  would  not  affect  the  pavement  even  if  the  total  allowable  passes  were 
unlimited.  In  addition,  the  majority  of  lightweight  aircraft  utilized  the  adjacent 
parallel  Runway  17/35.  This  greatly  reduced  the  150,000-plus  line  items  into  143 
different  aircraft  designators  with  a  total  number  of  operations  of  55,885,  during  the 
nearly  6.5-year  time  period.  It  should  be  noted  that  there  appears  to  be  a  large 
discrepancy  between  total  number  of  operations  during  the  6.5-year  time  period  as 
compared  with  the  reported  521  average  operations  per  day  from  Section  4.3.  The 
listing  received  by  the  FAA  as  described  in  Section  6.2,  refers  only  to  aircraft  who 
have  submitted  a  FAA  flight  plan,  either  visual  flight  rules  (YFR)  or  instrument  flight 
rules  (IFR).  Meacham  Airport  supports  a  robust  flight  training  operation,  utilizing 
numerous  single-engine  aircraft  which  do  not  require  FAA  flight  plans  for  all  flights. 

Once  obtained  from  TxDOT,  the  data  were  further  condensed  and  refined, 
grouping  similar  designators  into  a  single  line  item.  Often  the  aircraft  type  designator 
only  differentiates  a  minor  difference  in  a  specific  make  and  model  aircraft.  These 
similar  designators  were  grouped  into  a  single  line  item.  This  step  further  reduced  the 
data  to  121  line  items. 

Since  the  airfield  under  analysis  is  a  rigid  pavement,  it  was  assumed  that  total 
load  was  a  more  important  parameter  for  the  aircraft  line  items,  rather  than  tire 
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pressure.  Although  tire  pressure  is  critical  in  determining  the  loading  footprint,  for 
simplification,  gross  load  was  examined  since  variance  in  the  loaded  area  (tire 
footprint)  was  a  limitation  associated  with  using  the  footprint  of  the  load  frame.  The 
database  simplification  was  further  carried  out  by  the  writer  through  determination  of 
outstanding  undetermined  aircraft  type  designators  and  the  estimation  of  maximum 
takeoff  weight  (MTOW)  and  maximum  landing  weight  (MLW).  This  information 
was  assembled  from  numerous  sources,  including  aircraft  manufacturer  websites  and 
certified  internet  databases  like  Sweden’s  Lulea  University  of  Technology-sponsored 
Airliners.net  and  reference  sections  of  other  private  websites  like  Airodyssey.net. 
Information  was  cross-referenced  with  as  many  sources  as  possible.  The  goal  was  the 
determination  of  specific  aircraft  MTOWs  and  MLWs.  A  copy  of  the  final  data  sheet, 
with  121  line  items,  is  included  in  Appendix  C  for  completeness  and  examination. 

6.4  Rear  Loading  Determination  and  Configuration 

As  mentioned  above,  total  induced  load  was  assumed  to  be  the  most  important 

factor  in  characterizing  the  traffic  loading  scenario  on  this  rigid  pavement.  If  one 
assumes  that  the  total  aircraft  operations  had  the  same  number  of  takeoffs  as  landings, 
by  both  transient  and  host  aircrafts,  an  average  loading  value  for  each  aircraft  type  is 
readily  determined.  A  loading  value  was  obtained  for  each  aircraft  type  by  summing 
and  averaging  the  values  obtained  for  MTOWs  and  MLWs.  This  load  value 
represented  the  induced  maximum  loading  by  a  given  aircraft  on  a  given  operation. 

In  analyzing  typical  aircraft  loading  on  pavements,  it  is  imperative  to  examine 
a  single,  rear-gear  load  configuration.  To  determine  the  load  on  the  rear  gear  of  a 
given  aircraft,  typical  load  distributions  had  to  be  assumed.  Load  distributions  vary 
from  one  aircraft  type  to  another.  Typically,  the  nose  gear  supports  5%  to  8%  of  the 
total  weight,  and  the  two  rear  gear  assemblies  support  the  remaining  92%  to  95%  of 
the  total  weight  (FAA,  2004).  With  over  120  different  aircrafts  to  consider, 
assumptions  were  made  to  simplify  the  rear  loading.  The  most  typical  value  and 
conservative  assumption  was  to  use  95%  of  the  total  aircraft  weight,  being  carried  on 
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the  rear  gear  assemblies.  From  this  assumption,  it  can  be  rationalized  that  47.5%  of 
the  aircraft  weight  is  carried  by  each  of  the  two  rear  landing  gear  assemblies.  A  rear 
landing  gear  assembly  is  defined  as  all  components  which  comprise  a  single  side,  i.e. 
the  portion  of  the  landing  gear  which  is  situated  under  a  given  wing  or  side  of 
fuselage.  The  majority  of  all  aircraft  have  two  sets  of  rear  landing  gear  assemblies 
(one  on  each  side  of  the  aircraft),  with  the  exceptions  of  highly  specified  aircraft  used 
my  military  and  industry, 

In  using  this  percentage  of  47.5%,  it  was  also  assumed  that  each  single  gear 
assembly  affects  the  pavement  slab  individually;  that  is  to  say  that  the  loads  induced 
in  neighboring  slabs  or  in  those  slabs  even  further  away  in  the  case  of  large  frame 
aircraft  can  be  considered  negligible.  A  complete  listing  of  all  loads  used  and  the 
associated  aircraft  can  be  found  on  the  complete  data  sheets  in  Appendix  C. 

6.5  Load  Grouping  determination 

To  develop  the  methodology  used  in  SAP  testing,  a  rough  concept  and  format 

were  devised.  To  model  the  loadings,  a  structured  loading  scenario  of  adjusted  loads 
was  applied  over  designated  time  intervals.  Each  time  interval  was  selected  to 
contain  enough  load  cycles  to  produce  a  sufficient  loading  time,  during  the  SAP 
testing.  With  a  frequency  of  20  Hz,  it  was  imperative  that  the  time  of  loading  at  each 
load  level  was  greater  than  some  minimal  time  period  so  that  the  SDD  applications 
were  able  to  be  controlled.  Before  the  final  determination  of  the  load  groups,  the  load 
applications  for  each  load  group,  and  the  yearly  intervals  used  in  testing,  a  rough 
visual  representation  was  devised.  This  rough  visualization  is  illustrated  in  Figure 
6.1. 
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Figure  6.1  -  Three-Tiered  Loading  Representation  Over  20-Year  Pavement  Life 

In  Section  6.3,  it  is  explained  that  the  loading  determined  for  each  aircraft 
type  was  taken  one  step  further  in  determining  the  load  groupings  for  the  SDD 
testing.  Data  for  the  rear  gear  load  weight  versus  operations  per  year  was  plotted. 
One  such  plot  is  shown  in  Figure  6.2.  This  figure  clearly  illustrates  the  most 
prominent  loads  on  Runway  16/34.  The  majority  of  the  loads  fell  well  under  50,000 
pounds  for  a  set  of  rear  landing  gears.  In  addition,  those  same  loadings  experience 
the  most  occurrences  per  year. 
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Figure  6.2  -  Typical  Loadings  Per  Year  at  Meacham  Airport 

A  better  visual  representation  of  the  data  in  Figure  6.2  can  be  portrayed  in  a 
histogram  format.  Such  a  histogram  is  presented  in  Figure  6.3.  In  this  figure,  the  first 
step  involves  grouping  similar  loadings,  specifically  grouping  the  data  that  contain 
essentially  the  same  load  per  rear  gear.  In  other  words,  the  data  present  in  Figure  6.3 
are  used  to  simplify  the  data  shown  in  Figure  6.2  by  grouping  data  points  and 
representing  all  operations  which  occurred  at  a  specific  load  level. 
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Figure  6.3  -  Histogram  of  Yearly  Occurrence  of  Rear  Landing  Gear  Assembly 

Load 

Once  the  data  were  better  visualized  with  the  assistance  of  Figures  6.2  and 
6.3,  a  better  understanding  of  the  scope  of  loading  and  occurrences  was  achieved. 
Three  load  groups  were  selected  arbitrarily,  focusing  the  first  group  on  the  lower 
loads,  the  second  group  on  mid-level  loads,  and  the  third  group  on  the  high-end  loads, 
in  the  range  of  the  maximum  capability  of  the  SDD.  These  load  groups  translated 
into  the  following  three  groupings: 

(1)  Rear  Gear  Landing  Assembly  Load  <10  kips, 

(2)  10  kips  <  Rear  Gear  Landing  Assembly  Load  <  25  kips,  and 

(3)  25  kips  <  Rear  Gear  Landing  Assembly  Load  <  50  kips. 
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Normalization  of  loads  to  operations  was  accomplished  for  each  grouping,  by 
multiplying  the  respective  loads  by  operations  per  year  and  then  dividing  by  the  total 
number  of  operations.  The  normalized  loadings  are  7,114,  15,869,  and  31,626 
pounds  respectively,  for  the  three  successive  groupings.  The  normalized  frequency  of 
operation  of  each  grouping  is  5,309,  2,417,  and  740  operations/year,  respectively. 
The  normalized  loadings  and  frequencies  were  then  used  to  define  the  final 
parameters  used  during  SAP  testing. 

In  addition  to  the  three  load  groupings,  there  were  additional  low-frequency 
loadings  with  aircraft  having  extremely  high  loads,  as  seen  on  the  far  right  side  of 
Figures  6.2  and  6.3.  These  loadings  fell  outside  the  capability  of  the  SDD  loading 
system,  capable  of  producing  up  to  70  kips.  Similar  to  the  three  groupings  discussed 
above,  these  excessive  loads  were  divided  into  three  groups  as: 

(1)  50  kips  <  Rear  Gear  Landing  Assembly  Load  <100  kips, 

(2)  100  kips  <  Rear  Gear  Landing  Assembly  Load  <  200  kips,  and 

(3)  200  kips  <  Rear  Gear  Landing  Assembly  Load  <  350  kips. 

These  loads  groups  were  once  again  normalized  into  an  equivalent  single  load  with  a 
specific  frequency.  In  the  ascending  order  presented  above,  the  normalized  loadings 
are  64,065,  147,372,  and  265,203  pounds,  respectively.  The  normalized  frequency  of 
operation  for  each  load  grouping  are  217,  6,  and  19  operations/year,  respectively. 
Even  though  the  occurrence  intervals  for  these  load  groupings  were  extremely  low,  it 
was  imperative  to  include  these  extremely  heavy  loads  within  the  SAP  testing.  Figure 
6.4  displays  the  three  previously  mentioned  testable  load  groupings  and  three  heavy 
load  groupings,  with  occurrences  over  five  years. 

Fatigue  cracking  is  a  cumulative  process,  with  load  applications  of  lower 
frequency  and  higher  weight  often  producing  the  most  damage.  Since  these  loadings 
fell  outside  the  capability  of  the  SDD,  a  method  of  conversion  had  to  be  adopted  to 
account  for  these  loads.  This  method  is  discussed  in  Section  6.6. 
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Figure  6.4  -  Histogram  of  Average  Aircraft  Traffic  Loads  for  Meacham  Airport 

Over  a  Given  5-Year  Period 

The  histogram  of  aircraft  traffic  loads  in  Figure  6.4  displays  associated 
average  operations  for  a  given  5-year  period  for  each  loading.  This  5-year  estimate  is 
based  on  actual  traffic  data  from  a  typical  period  of  traffic  (1998  through  mid-2004) 
during  the  existence  of  Runway  16/34.  This  period  length  was  decided  on  by 
balancing  two  factors.  First,  the  period  had  to  be  long  enough  to  produce  operation 
totals  which  would  be  conducive  to  SDD  SAP  testing,  enabling  load  monitoring  and 
adjustments  to  be  made  on-the-fly  during  the  actual  field  testing.  For  example,  a  very 
small  number  of  desired  applications  would  limit  the  total  test  time  for  a  given 
loading  period.  Due  to  the  constraints  and  intricacies  of  the  hydraulic  loading  system 
of  the  SDD,  a  desired  load  for  cycling  cannot  be  preset  for  testing.  Instead,  given  a 
desired  load,  a  voltage  is  entered  to  replicate  this  load  magnitude,  with  adjustments 
being  required  as  load  cell  measurements  are  monitored  in  real  time.  Second,  the 
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period  had  to  be  short  enough  to  reduce  limitations  of  step  loading  over  multiple 
years.  In  other  words,  all  low  level  loads  would  be  applied,  after  which  the  middle 
load  levels  would  be  applied  followed  by  application  of  the  highest  load  levels.  This 
loading  sequence  differs  from  the  random  nature  of  airport  pavement  loading; 
therefore,  the  fewer  the  years  in  a  loading  period  the  more  variance  in  the  loading 
scenario.  Traffic  loading  periods  of  three  to  seven  years  were  considered.  A  five- 
year  loading  period  was  selected  due  to  a  significant  number  of  operations  per  load 
grouping  and  the  ease  in  modeling  a  future,  20-year  period  of  pavement  loading  with 
four  equal  increments.  Five-year  periods  also  accounted  for  the  limitations  in  time 
and  scope  of  this  research.  Funding  did  not  allow  for  an  extensive  and  repetitive 
procedure.  Five-year  periods  also  minimized  human  induced  error  associated  with 
continual  adjustments.  In  general,  5-year  periods  were  concluded  to  be  a  good 
balance  of  all  previous  mentioned  factors. 

6.6  MODELING  HEAVY  LOADS 

As  mentioned  in  the  previous  section,  the  three  heavy  load  groups  presented 
in  Figure  6.4,  Load  Group  #4,  #5,  and  #6,  needed  to  be  converted  into  smaller  loads 
to  enable  incorporation  in  the  load  application  scenario.  These  loads  were 
transformed  into  lighter  loads  through  the  use  of  Miner’s  Hypothesis  and  the  fatigue 
cracking  equation  for  concrete.  Miner’s  Hypothesis  states  that  stress  induced  distress 
on  a  pavement  is  cumulative  and  irrespective  of  loading  order  (Miner,  1945,  and 
Huang,  2004).  In  addition,  it  enables  heavy  load  application  reduction;  a  higher 
application  of  a  lighter  load  can  be  equivalent  to  a  smaller  number  of  applications  of  a 
heavier  load.  This  equivalency  is  given  by: 

=  (6.1) 

Nfi  Nf2 
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Equations  6.1  represents  Miner’s  Hypothesis  where:  Nfjj  is  the  total  number 
of  allowable  applications  for  a  specific  load  and  nij  represents  the  predicted  (or 
actual)  number  of  applications  for  that  specific  loading. 

Equation  6.1  was  used  to  transform  the  heavier  load  groupings,  which  were 
greater  in  magnitude  than  the  loading  capability  of  the  equipment  into  the  lighter-load 
groupings.  The  fatigue  equation  enabled  determination  of  total  load  applications  to 
failure,  Nf.  For  a  given  load  scenario,  assumed  damage  is  based  on  fatigue  cracking. 
Darter  and  Barenberg  (1977)  recommended  use  of  specific  parameters  as: 


log  N  f  =  fx~  f 2 


\Sc  J 


where //  and  are  empirically-based  design  constants: 


/,  =17-61 
/2  =17.61 


(6.2) 


Other  fatigue  cracking  models  have  been  developed  including  those 
recommended  by  the  Portland  Cement  Association  (PCA)  (Packard  and  Tayabji, 
1985).  For  the  purpose  of  this  research,  only  Equation  6.2  was  utilized.  The  stress 
parameters  involved  with  the  PCA  equation  are: 


For  a! Sc  >  0.55: 


For  0.45  <  a/Sc  <  0.55: 


log  Nf  =11.737-12.077 


\ScJ 


Nf  = 


(  ^  3.268 

4.2577 


— -0.4325 


(6.3a) 


(6.3b) 


For  a/ Sc  <  0.45: 


N/=  unlimited 


(6.3c) 
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The  induced  stress  is  assumed  to  be  the  direct  load  applied  over  the  loading  area  and 
is  represented  by  a  in  Equation  6.2.  Sc  represents  flexural  strength  of  the  concrete  in 
the  same  units  as  a.  Equation  6.3a,  6.3b,  and  6.3c  were  too  broad  for  this  scenario, 
returning  a  strength  ratio  ( a/Sc )  higher  than  0.45.  Therefore  there  was  an  infinite 
number  of  allowable  applications  to  failure  for  our  given  loading  conditions. 

With  the  knowledge  of  total  number  of  applications  to  failure,  Nf  and  the 
actual  occurrences  for  a  heavier  load,  these  heavier  loads  were  equated  to  equivalent 
loadings  of  Load  Group  #3.  Once  computed  for  each  of  the  heavier  loads,  an 
additional  6,699  applications  were  added  to  Load  Group  #3  total  applications  for  a 
five-year  period.  The  final  load  scenario  used  in  testing  is  given  below: 

(1)  Load  Group  #1  -  26,600  applications  at  7.1  kips, 

(2)  Load  Group  #2-12,100  applications  at  15.9  kips,  and 

(3)  Load  Group  #3  -  10,400  applications  at  31.6  kips. 

Appendix  D  includes  the  detailed  steps  of  the  conversion  for  each  of  the  heavier  load 
groups.  The  resulting  traffic  model  was  used  in  the  testing  conducted  on  the  nine  test 
points  on  the  three  selected  test  pads,  described  in  Section  8.2. 

6.7  Equipment  Limitations 

In  Sections  3.4  through  3.6,  the  SDD  and  its  capabilities  were  discussed  in 
depth.  In  testing  airport  pavements  with  the  SDD,  an  important  challenge  is  the 
replication  of  heavy  aircraft  loads.  As  seen  in  the  previous  sections  of  this  chapter, 
the  limitation  of  the  SDD  ability  in  applying  loads  is  driven  by  its  total  weight  and  its 
stability.  Higher  dynamic  loads  require  higher  static  forces  to  insure  complete 
contact  and  stability.  Due  to  the  nature  of  the  loading  system  and  the  SDD,  dynamic 
loads  are  limited  to  a  peak  value  of  35  to  40  kips.  This  limitation  (along  with  some 
conservatism  of  the  SDD  operators)  resulted  in  the  application  of  a  peak-to-peak  load 
of  3 1 .6  kips  in  Load  Group  #3. 

In  addition,  all  testing  was  conducted  on  the  same  load  frame  configuration 
and  load  footprint.  This  was  driven  by  the  scope  and  time  allowed  for  this  test.  Use 
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of  additional  load  frames  would  induce  an  additional  variance  in  a  testing  application 
already  embedded  with  a  high  level  of  variance  due  to  the  nature  of  in-service 
pavement  testing.  With  the  use  of  the  load  pads  and  the  load  frame  configuration 
remaining  constant,  variance  in  tire  pressure  was  ignored.  This  was  considered 
reasonable  given  the  rigid  pavement.  A  sample  sensitivity  analysis  was  conducted  in 
EverFE  (as  described  in  Section  5.4  and  Appendix  B)  and  in  the  aircraft-specific 
finite  element  program  developed  by  the  FAA:  FEAFAA  (Finite  Element  Analysis  - 
FAA).  This  analysis  ensured  that  stresses  induced  by  the  load  frame  were 
comparable  to  those  induced  by  a  specific  aircraft  footprint.  The  results  of  this 
portion  are  included  in  Appendix  E. 

6.8  Assumptions  made  in  developing  the  traffic  model 

Many  assumptions  were  made  during  the  development  of  the  final  traffic 

model.  Miner’s  hypothesis  and  the  fatigue  equation  for  concrete  were  used  to 
correlate  heavier  loads  to  lighter  loads  in  the  test.  In  addition,  a  “worse  case 
scenario”  ideology  was  adopted  in  applying  the  traffic  model.  Thus,  every  load 
would  be  experienced  at  every  test  point,  thereby  ignoring  any  typical  wander. 
Wander  is  typically  accounted  for  in  pass-to-coverage  ratios.  Pass-to-coverage  ratios 
equate  an  aircraft-dependent  coefficient  which  transfers  actual  aircraft  passes  on  a 
runway  to  coverage  on  a  specific  slab  (FAA,  1995).  By  ignoring  this  criterion,  the 
testing  models  an  absolute  worse  case  scenario;  a  much  safer  assumption  when 
examining  remaining  life  of  an  in-service  pavement. 

Another  major  assumption  was  acceptance  that  a  load  produced  on  a 
stationary  load  frame  was  equivalent  to  a  load  induced  by  a  moving  wheel.  Several 
studies  have  been  conducted  to  investigate  the  correlation  of  these  two  different  load 
scenarios.  Flexible  pavement  testing  requires  heavy  scrutiny  on  comparison  of  these 
two  loading  scenarios,  as  it  experiences  rutting  and  shoving  due  to  movement  of 
loads.  The  intrinsic  nature  of  rigid  pavements  allows  this  assumption  to  be  accepted 
without  scrutiny.  Rigid  pavements  are  able  to  more  effectively  distribute  the  loading 
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than  flexible  pavements,  minimizing  any  forces  associated  with  a  moving  wheel  load, 
which  may  occur  oblique  to  the  principal  vertical  axis.  This  is  a  function  of  the 
friction  (skid  resistance).  Duration  of  load  is  a  more  important  factor  under  these 
conditions. 

6.9  Summary 

Interpretation  and  analysis  of  actual  traffic  history  at  Meacham  Airport 
established  the  foundation  upon  which  a  traffic  model  was  developed  which 
replicates  the  expected  traffic  of  the  next  20  years.  The  collection  of  data,  the 
formation  assumptions,  and  establishment  of  model  parameters  all  play  an  important 
role  in  the  development  of  the  model.  The  finalized  traffic  model  incorporated  a 
three-tiered  loading  scenario  applied  repeatedly  over  equivalent  5-year  increments, 
until  the  extent  of  the  20-year  equivalent  period  was  achieved.  The  chapters  which 
follow  build  upon  this  traffic  model,  moving  the  idea  forward  from  theoretical 
concepts  to  experimental  field  application. 
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Chapter  7  -  Observations  and  Measurements  During  RDD 

Deflection  Testing 


7.1  Introduction 

Field  testing  took  place  over  two  separate  testing  periods  in  July  and  August 
2004.  The  first  period  consisted  of  RDD  deflection  profiling  of  Runway  16/34, 
which  took  place  5  through  8  July  2004  at  Meacham  Airport.  Many  significant  field 
observations  were  made  during  the  RDD  testing  of  Runway  16/34.  Testing 
conditions  were  also  noted  for  potential  effects  in  SDD  testing.  In  the  following 
chapter,  both  the  testing  conditions  and  observations  are  presented.  In  addition,  the 
RDD  measurements  are  briefly  presented.  Previous  RDD  deflection  testing, 
performed  in  May  2001,  is  presented  for  comparison  purposes  and  assessment  of  any 
changes  in  conditions.  These  same  RDD  deflection  results  enabled  comparison  with 
candidate  SDD  test  locations  as  mentioned  in  Section  5.3. 

7.2  RDD  Field  Observations  and  Data  Measurements 

Conditions  and  setting  have  historically  played  a  significant  role  in  the 

deflection  response  of  pavements  during  RDD  testing.  For  instance,  at  a  previous 
RDD  deflection  test,  conducted  at  Majors  Field  in  Greenville,  Texas  in  July  1998, 
two  previously  undetected  subsurface  conditions  were  revealed.  The  first  was  the 
presence  of  sleeper  slabs,  a  common  feature  in  pre -World  War  II  construction  which 
accounted  for  the  unusually  low  deflections  observed  at  joints,  at  a  spacing  of  every 
120  ft.  Records  were  unable  to  produce  original  construction  standards,  but  the 
results  of  continuous  deflection  testing  enabled  detection  and  confirmation.  In 
addition,  distress  discovered  in  Taxiway  E  could  be  attributed  to  free  water  produced 
from  test  pit  sampling  (Lee  et  al.,  2003).  The  following  section  focuses  on  pertinent 
observations  found  during  RDD  testing  at  Meacham  Airport  and  the  resulting  data 
measurements  which  were  gathered. 
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7.2.1  Testing  Conditions  and  Observations 

Due  to  the  limited  funding  and  time  allocated  for  this  study,  additional  test 

pits,  soil  sampling,  and  other  subsurface  investigation  measures  were  not  included  in 
the  scope  of  testing.  Any  detection  of  subsurface  anomalies  or  areas  of  distress  could 
not  be  directly  addressed  with  additional  tests  for  confirmation.  However, 
information  was  collected  on  prevailing  testing  conditions  to  enable  suggestions, 
explanations,  and  justifications  in  discussing  the  trends  and  any  differences  between 
the  2001  and  2004  RDD  data.  For  the  testing  accomplished  herein,  RDD  profiling 
took  place  over  three  nighttime  operations  in  July  2004.  The  average  overnight  air 
temperature  was  75.7  °F.  Table  7.1  presents  the  pertinent  climatology  data  from  the 
testing  period;  no  precipitation  occurred  during  testing  with  only  minor  amounts 
during  the  daytime  non-testing  hours.  Nonetheless,  the  previous  month  was  the 
second  wettest  June  on  record,  with  10.49  in.  of  rainfall.  With  the  known  expansive 
qualities  of  the  primary  local  geologic  formation,  Denton  Clay,  water  content  in  the 
subgrade  could  certainly  be  a  dominant  factor  in  producing  the  deflection  response 
observed  in  the  pavement,  as  discussed  in  Section  7.2.2. 


Table  7.1  -  Fort  Worth  Climatology  Data  for  2004  (USDOC  2004) 


Date 

High  Temperature  (°F) 

Low  Temperature  (°F) 

Precipitation  (in.) 

5  July 

91 

77 

0 

6  July 

93 

73 

0.01 

7  July 

91 

77 

0.01 

8  July 

94 

77 

0 

Along  with  the  external  conditions  noted  above,  the  final  night  of  RDD  testing 
produced  concerns  regarding  the  RDD  loading  mechanisms.  During  the  final  task  of 
determining  the  deflection  response  along  longitudinal  joints  on  the  first  1,000  ft  of 
the  primary  approach  and  takeoff  end  (north  end)  of  Runway  16/34,  a  technical 
problem  was  discovered  with  the  RDD.  The  dynamic  loading  system  was  not 
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properly  responding  to  the  input  sinusoidal  waveform  from  the  modulator.  This 
problem  caused  the  loading  system  to  respond  in  a  disorderly  and  uncontrollable 
manner.  At  this  point  a  decision  was  made  to  cease  operations,  until  an  assessment  of 
the  system  condition  could  be  made.  The  problem  went  beyond  the  capability  of  a 
field  repair  and  all  further  operations  were  aborted.  These  operations  included  a 
series  of  deflection  profiling  on  potential  SDD  test  locations,  to  allow  for  final 
selection  of  SDD  test  slab  location.  Due  to  these  field  difficulties,  any  and  all  RDD 
profiles  on  potential  SDD  SAP  testing  locations  were  delayed  until  the  second  period 
of  field  testing,  requiring  testing  and  selection  to  be  completed  one  day  prior  to  the 
actual  SDD  SAP  testing.  This  change  ultimately  proved  to  be  a  better  strategy,  since 
conditions  and  observed  response  could  change  at  any  test  slab  location,  during  the 
time  between  the  two  field  testing  periods.  Acquiring  the  most  accurate  deflection 
profiles  of  candidate  test  locations  for  direct  comparison  with  the  Runway  16/34 
deflection  profiles  was  of  utmost  importance. 

7.2.2  RDD  Deflection  Measurements 

Raw  deflection  data  for  Runway  16/34  was  collected  in  accordance  with  the 

RDD  methodology  presented  in  Section  3.2  and  the  procedure  presented  in  Section 
5.2.  After  data  were  collected  along  the  centerline  of  all  six  runway  lanes  and  along 
the  longitudinal  joints  on  the  North  16  end  of  the  runway,  voltage  output  from  the 
sensor  was  converted  into  deflection  readings.  The  transformation  process  of 
converting  rolling  sensor  voltage  output  into  deflection  readings  is  included  in 
Appendix  F. 

Deflection  readings  varied  across  the  different  lanes  with  general  mid-slab 
deflections  following  a  distinct  pattern  across  the  longitudinal  extent  of  the  runway. 
Data  from  Lane  3  were  taken  as  representative  and  were  further  examined  to 
determine  deflection  response  patterns  observed  in  a  high  trafficked  area.  The 
complete  data  set  for  profiles  along  all  six  lanes  are  included  in  Appendix  G.  The 
two  center  lanes,  Lane  3  and  Lane  4  received  the  highest  traffic  loading  of  any  of  the 


95 


lanes.  Lane  3  was  selected  for  further  analysis  because  this  same  lane  was  sampled  in 
the  2001  study  conducted  at  Meacham  Airport,  enabling  direct  comparison  of  data. 
Deflection  measurements  from  the  testing  in  this  study  are  presented  for  Lane  3  in 
Figure  7.1.  The  measurements  are  presented  over  the  entire  longitudinal  extent  of  the 
runway  in  terms  of  mils  per  10-kip  load.  The  pattern  of  deflections  over  the  length  of 
Runway  16/34  is  readily  seen  in  Figure  7.1.  The  peaks  in  the  plot  represent  higher 
deflections  which  occur  at  joint  locations.  A  trend  of  higher  overall  deflections  are 
observed  on  the  north  end  of  the  runway  (4000  to  7500  ft)  where  the  majority  of  take¬ 
off  and  landing  operations  occur.  The  higher  deflections  experienced  along  the  south 
end  (1200  to  2100  ft)  coincide  with  previously  noted  area  of  softer  subgrade,  drainage 
issues,  and  below  grade  culvert  crossings  under  the  runway. 


Figure  7.1  -  Complete  Deflection  Profile  in  2004  for  Lane  #3,  Runway  16/34 

(Sensor  #1) 

An  expanded  section  of  the  continuous  deflection  profile  in  Figure  7.1  is 
presented  in  Figure  7.2.  This  expanded  section  is  shown  so  that  a  closer  examination 
of  the  deflection  profile  for  Lane  3  can  be  done.  The  expanded  continuous  profile  in 
Figure  7.2  shows  that  the  peaks  are  wider,  exhibiting  a  less  pronounced  deflection  at 
joint  locations.  This  general  shape  differs  somewhat  from  the  general  trends 
observed  in  previous  RDD  deflection  profiling  of  JRCP  (Joint  Reinforced  Concrete 
Pavement)  (Lee  et  al.,  2003),  as  shown  in  Section  4.6  (Figures  4.9  and  4.10).  The 
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exceptionally  high  volume  of  rain  experienced  during  the  month  prior  to  testing, 
coupled  with  the  expansive  soils  germane  to  the  airport  location  could  explain  the 
lack  of  characteristic  narrow  peaking  observed  in  the  deflection  measurements. 
Expansive  soils  with  high  water  content  can  create  large  upward  forces  on  the 
pavement,  causing  an  apparent  decrease  in  deflections  at  joints.  In  addition,  the 
summer  temperature  which  were  observed  during  the  daytime,  kept  the  concrete 
temperature  well  above  80°  F  for  the  duration  of  testing.  Joint  movement  is 
characteristically  limited  during  this  condition  due  to  the  temperature  gradient,  the 
expansion  coefficient  of  concrete,  and  the  subsequent  upward  curling  effect. 


Figure  7.2  -  Closer  Examination  of  Deflection  Profile  in  2004  of  Lane  #3, 
Runway  16/34  Over  the  Distance  of  6500  to  7500  Feet  From  the  34  End 

(Sensor  #1) 

7.2.3  Comparison  of  2004  and  2001  RDD  Measurements 

In  comparison  with  the  measurements  made  in  May  of  2001,  the  RDD 

deflection  data  gathered  in  2004  exhibited  the  same  general  trends.  The  deflection 
profile  in  2004  is  shown  in  Figure  7.1  and  the  same  profile  three  years  earlier  in  2001 
is  shown  in  Figure  7.3.  Figure  7.4  illustrates  the  similarity  of  the  2001  and  2004  data 
by  superimposing  the  two  sets  of  deflection  data  on  the  same  plot.  There  are  some 
areas  of  slight  variation,  but  as  can  be  seen  in  the  figure,  the  overall  trends  and 
absolute  deflections  measured  in  2001  are  nearly  the  same  as  data  measured  in  2004. 
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The  mean  deflections  are  similar,  with  a  slight  increase  occurring  over  the  3 -year 
period  in  between  testing.  Aging  of  pavement  system  and  changes  in  subgrade 
bearing  capacity  support  the  trend  observed.  On  average  the  10-kip  displacement 
observed  over  the  entire  runway  was  3.68  mils  normalized  to  10  kips.  This  is  slightly 
higher  than  the  average  10-kip  deflection  of  3.27  mils  observed  in  2001.  However, 
climatic  conditions  and  their  impact  on  the  pavement  could  explain  most  or  all  of  this 
difference  which  is  only  approaches  12%. 


Figure  7.3  -  Complete  Deflection  Profile  in  2001  for  Lane  #3,  Runway  16/34 

(Sensor  #1) 


Figure  7.4  -  Comparison  of  RDD  Deflection  Data  Measured  in  2001  and  2004 
Lane  #3,  Runway  16/34  (Sensor  #1) 
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Specific  climate  data  for  the  month  prior  and  the  month  during  which  2001 
RDD  testing  was  performed  are  presented  in  Table  7.2.  The  month  prior  to  RDD 
testing  was  the  sixth  driest  on  record  for  the  month  of  April.  This  low  level  of 
precipitation  resulting  in  a  drier  subgrade,  combined  with  the  cooler  temperatures 
experienced  relative  to  the  recent  2004  testing  could  be  responsible  for  the  slightly 
larger  deflections  observed  at  the  joints  and  the  slightly  smaller  mid-slab  deflections. 


Table  7.2  -  Fort  Worth  Climatology  Data  for  2001  (USDOC  2004) 


Period 

Average  High 

Temperature  (°F) 

Average  Low 

Temperature  (°F) 

Precipitation  (in.) 

April  2001 

76.9 

59.0 

0.89 

May  2001 

83.9 

64.5 

5.58 

A  closer  comparison  of  the  joint  deflections  is  illustrated  in  Figure  7.5,  with 
deflection  measurements  displayed  over  a  shorter  total  distance  of  Runway  16/34 
(2000  to  3500  ft)  to  focus  on  the  pavement  response  seen  at  the  joints.  With  an 
increased  resolution  in  the  deflections,  Figure  7.5  highlights  the  decrease  in  the 
peaking  observed  at  joints  and  the  overall  higher  mid-slab  deflections  in  the  2004 
deflection  measurements  compared  to  those  measured  in  2001. 
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Notes: 

-  2004  Deflection  Data  on  average  higher  mid-slab  deflections 

-  Less  peaking  observed  in  2004  Deflection  Data  compared  to  2001 


Higher  Mid- Slab  Deflections  & 
Less  Peaking  with  2004  Data 


Figure  7.5  -  Comparison  of  2001  and  2004  RDD  Deflection  Data  Over  the 
Distance  of  2000  to  3500  Feet  From  the  34  End  -  Lane  #3,  Runway  16/34 

(Sensor  #1) 


7.3  Summary 

This  chapter  has  examined  the  conditions  which  existed  during  the  RDD 
deflection  testing  portion  of  this  study.  Specific  conditions  of  higher  temperatures 
and  unusually  high  precipitation  totals  could  have  played  an  active  and  controlling 
role  in  the  observed  pavement  response.  RDD  deflection  testing  measurements  have 
been  presented  for  both  the  current  year  and  the  prior  2001  testing  to  properly  assess 
the  current  state  of  response  of  the  pavement.  This  information  on  Runway  16/34 
enabled  the  selection  of  specific  test  locations  as  explained  in  Section  5.3.  A 
comparison  was  made  between  the  2004  deflection  data  and  the  deflections  measured 
in  the  2001  testing.  Expected  trends  occurred  within  the  2004  data  exhibiting  higher 
overall  deflection  measurements  than  those  of  the  2001  data.  The  increase  of  overall 
deflections  during  this  time  period  (averaging  about  12%)  is  predominantly  attributed 
to  the  environmental  changes.  Mid-slab  deflections  were  considerable  higher  in 
2004,  with  the  increase  saturation  of  the  subgrade  accounting  for  the  overall  increase 
in  deflections.  Joint  movement  was  less  pronounced  in  2004,  due  to  higher 
temperatures  and  slab  expansion. 
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Chapter  8  -  SDD  SAP  Testing  at  Meacham  Airport  -  Field 

Measurements 


8.1  Introduction 

As  mentioned  in  Chapter  7,  field  testing  took  place  on  two  separate  testing 
periods.  The  first  period  involved  RDD  testing  as  discussed  in  Chapters  5  and  7.  The 
second  test  period  consisted  of  SAP  testing  of  selected  test  slabs.  This  testing  took 
place  on  22  through  26  August  2004  at  Meacham  Airport.  As  with  the  RDD 
deflection  testing,  many  observations  were  made  during  the  SAP  testing,  with 
conditions  recorded  for  potential  effects  on  testing.  The  following  sections  present 
both  the  testing  observations  and  conditions  along  with  an  overview  of  the  raw  data 
produced  during  testing.  An  overview  of  the  procedure  for  converting  the  raw  data 
into  a  time-history  of  deflections  is  illustrated.  Presentation  of  the  final  SDD  SAP 
testing  measurements  is  given  in  Section  8.4. 

8.2  Observations  and  SDD  Data 

The  SDD  SAP  testing  procedure  is  a  recent  development,  with  its  first  field 

test  conducted  in  November  of  1998  (Stokoe  et  al.,  2000).  Since  then,  testing  has 
been  conducted  under  limited  test  conditions.  SDD  SAP  procedures  have  been 
studied  for  possible  inclusion  within  TxDOT’s  APT  program  for  in-service  flexible 
pavements  (Stokoe  et  al.,  2000).  Limited  work  has  been  performed  in  the  field  of 
rigid  pavements.  As  mentioned  before,  a  test  to  failure  was  performed  on  a  six 
controlled  slabs  at  the  University  of  Texas  (Suh  et  al.,  2004).  The  purpose  of  this 
research  was  to  compare  field  results  with  laboratory  fatigue  tests.  Results  showed 
that  the  SDD  proved  to  be  an  effective  method  for  SAP  testing  on  full-scale  rigid 
pavements  (see  Section  3.7).  The  testing  conducted  in  support  of  this  study  was  the 
first  such  procedure  accomplished  on  in-service  rigid  pavements.  As  mentioned  in 
the  Chapter  7,  field  conditions  play  a  significant  role  in  the  deflection  response  of 
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pavements  during  RDD  testing.  Similarly,  the  same  conditions  can  affect  the 
deflection  response  of  the  test  pavement  during  SDD  SAP  testing. 

8.2.1  Testing  Conditions  and  Observations 

Once  again,  due  to  the  limited  nature  of  this  study,  investigations  of 

subsurface  anomalies  or  areas  of  distress  could  not  be  performed.  Information  was 
collected  on  prevailing  conditions  to  assist  in  explaining  and  justifying  testing  trends 
and/or  anomalies  in  the  SDD  measurements.  SAP  testing  took  part  over  a  four-day 
period  in  August  2004.  Testing  began  at  approximately  0800  and  concluded  around 
2130  (sundown).  The  average  daytime  high  over  that  period  was  94.0  °F.  Table  8.1 
presents  the  pertinent  climatology  data  from  this  testing  period.  The  only  testing 
completed  on  22  August  was  the  RDD  deflection  profdes,  enabling  final 
determination  of  test  slab  locations  for  commencement  of  SAP  testing  on  23  August. 
No  major  precipitation  occurred  during  the  entire  test  period,  with  only  minor 
amounts  over  the  first  two  nights.  Precipitation  totals  for  the  two  previous  months 
were  4.16  and  4.24  in.  for  July  and  August,  respectively.  These  totals  were  not 
excessive  but  were  both  well  above  the  monthly  average  of  2.12  and  2.03  in., 
respectively.  However,  as  mentioned  in  Chapter  7,  the  second  highest  precipitation 
total  ever  for  the  month  of  June  occurred  in  2004,  with  10.49  in.  of  rainfall  on  record. 
With  the  known  expansive  qualities  and  high  plasticity  index  of  the  primary  local 
geologic  formation  (Denton  Clay),  water  content  in  the  subgrade  could  certainly  be  a 
dominant  factor  in  determining  the  higher  deflection  response  of  the  pavement. 


Table  8.1  -  Climatology  Data  in  2004  for  Fort  Worth  (from  USDOC  2004) 


Date 

High  Temperature  (°F) 

Low  Temperature  (°F) 

Precipitation  (in.) 

22  August 

90 

71 

0.03 

23  August 

91 

74 

0.04 

24  August 

94 

78 

0 

25  August 

95 

78 

0 

26  August 

96 

80 

0 
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The  most  significant  observation  from  the  SAP  testing  performed  on  the  three 
test  slabs  was  that  no  detectable  cracking  occurred.  During  testing,  frequent  visual 
observations  were  made,  along  with  monitoring  accelerometer  output.  Upon 
completion  of  testing  at  a  specific  slab,  surface  watering  of  the  concrete  slab  was 
performed  when  necessary,  as  a  technique  for  detection  of  any  hairline  stress  cracks. 
None  were  detected. 

8.2.2  Raw  SDD  SAP  Testing  Data 

Raw  SAP  testing  data  were  collected  in  accordance  with  the  SDD 
methodology  presented  in  Section  3.6  and  the  procedure  presented  in  Section  5.5. 
Outputs  from  the  three  accelerometers  and  a  single  load  cell  (directly  over  the  load 
point  on  the  test  frame)  were  collected.  The  three  accelerometers  were  positioned  in 
accordance  with  the  layout  presented  in  Figure  8.1. 


Corner  Loading  Edge  Loading 


.-r  • 


12  in.  6  in.  6.5  in.  "  ^ 

H - HoH-H  \ 

•  •  O  /' 


Supplemental  Testing 
Accelerometer 

P.nnfim  iratinn 


•  O 


/  \Center  Loading 
/  ' 

;,i:  i 

1  ^  9  I 
V  O  ' 


Center  of  Loading 
Footprint 


Typical 

Accelerometer 

Configuration 


i 


A  6  in./ 


. '  ✓ 


Figure  8.1  -  Loading  and  Accelerometer  Configurations 
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Continuous  readings  of  each  accelerometer  and  load  cell  were  taken.  The 
accelerometer  output  was  in  terms  of  voltage  versus  time,  while  the  load  cell  output 
provided  load  readings  in  pounds.  The  accelerometers  were  connected  to  an 
accelerometer  conditioner,  which  conditioned  the  measured  signal  into  an  equivalent 
readable  output  voltage.  The  instrument  setup  also  included  the  use  of  a  multi¬ 
channel  analyzer  and  computer  interface  to  convert  the  voltage -time  output  into  a 
sample-history  readout.  The  raw  data  provided  load  cell  readings  and  accelerometer 
readings  for  each  sample  point.  As  mentioned  before,  a  sampling  rate  of  200  samples 
per  second  allowed  easy  conversion  into  a  time-history  readout.  Figure  8.2  is  a 
sample  raw  data  output  from  the  load  cell.  Additional  samples  of  the  original  raw 
data  readout  for  both  the  load  cell  and  an  accelerometer  are  included  in  Appendix  H. 


30 

25 

f  20 
s 

■§  15 

o 

10 

5 
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Figure  8.2  -  Load  Cell  Output  for  First  Five-Year  Increment  at  Taxiway  A6 

Edge 


8.3  Data  Conversion 

From  the  original  raw  data,  a  series  of  procedures  was  carried  out  in  order  to 
take  the  raw  output  from  the  accelerometers  and  transform  that  output  into  deflection 
measurements  versus  time  for  analysis.  The  first  step  was  to  convert  voltage  readings 
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into  acceleration  readings  in  terms  of  the  earth’s  gravitational  field  strength  (g).  The 
calibration  for  this  output  was  1  volt  per  g,  for  a  simple  one-to-one  correlation.  The 
readings  could  be  converted  and  then  presented  in  terms  of  mils  per  second  squared, 
as: 


a  = 

a  = 


32.2 

data  reading  (volts) — — - 

volts  g 

386400  •  data  reading  (volts) 


A 

2 


12  in. 

Tft 


1000  mil 
1  in. 


(8.1) 


In  using  basic  dynamic  relationships,  acceleration  was  established  in  terms  of  its 
relationship  to  angular  frequency  (co)  and  distance  (d)  as: 


a  =  co2d  (8.2) 

where  angular  frequency  (to)  is  put  in  terms  of  frequency  if)  is: 

co  =  24  (8.3) 

Given  a  dynamic  frequency  of  20  Hz,  a  combination  of  Equations  8.1,  8.2,  and  8.3 
produced  a  conversion  factor  for  translating  raw  data  into  deflection  measurements 
as: 


,  _  a  _  386400  •  data  reading  _  386400  •  data  reading 
~  a>2~  (24)2  ~  (2.7T  •  20)2  (8.4) 

d  =  24.46906585  •  data  reading  (volts) 

Once  this  conversion  factor  was  determined,  it  was  applied  to  all  three 
accelerometer  readings  for  each  of  the  nine  test  points,  as  shown  in  Figure  8.1  (three 
center,  three  edge,  and  three  comer).  To  enable  further  analysis,  a  LABVIEW 
program  was  created  to  allow  more  rapid  and  complete  analysis  of  the  raw  data  in 
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terms  of  deflection  measurements.  This  program  allowed  average  values  of  “peaks” 
and  “valleys”  to  be  determined  for  any  sinusoidal  load  or  deflection  output,  over  any 
time  segment.  Overall  average  deflections  were  recorded  for  each  of  the  three  test 
load  groups  and  then  repeated  for  all  five-year  increments  (Year  1-5,  Year  6-10,  Year 
11-15,  and  Year  16-20).  Within  each  of  the  respective  load  groups,  averages  were 
also  taken  over  five  separate  random  sample  groups,  typically  50  seconds  (1,000 
cycles)  in  length  and  spaced  uniformly  throughout  the  load  period.  This  sampling 
technique  downplayed  any  effects  of  errant  deflection  and  load  readings.  The 
technique  also  facilitated  documentation  of  any  trends  (increasing  or  decreasing)  over 
the  course  of  the  loading  period  in  each  grouping.  The  entire  period  average  was 
compared  with  the  average  of  the  five  sample  periods.  Figure  8.3  illustrates  the 
sampling  procedure,  building  upon  a  tiered  loading  scenario  (Figure  6.1),  presented  in 
Section  6.5. 


Figure  8.3  -  Sampling  Technique  for  Load  and  Deflection  Readings  Associated 

with  the  Different  Load  Groupings 
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These  data  were  then  used  to  determine  average  values  for  load  and  deflection 
measurements  over  the  five  sampling  periods  within  each  load  grouping  and  over  the 
entire  load  grouping,  for  comparison  purposes.  This  step  was  then  repeated  for  all 
three  load  groups  within  each  five-year  increment  and  then  for  each  point  tested.  To 
enable  a  more  detailed  analysis,  measured  deflection  readings  were  averaged  for  each 
sampling  period  and  for  the  average  over  each  entire  loading  period.  Time  readings 
were  also  converted  into  total  applications  to  allow  deflection  measurement 
comparisons  with  number  of  applications,  in  addition  to  load  levels.  Both  averaging 
the  entire  period  and  averaging  the  five  sample  periods  produced  comparable  results, 
with  no  trends  occurring  across  the  course  of  a  specific  load  grouping.  Therefore,  it 
was  assumed  the  entire  period  average  could  be  used  in  analysis  (as  exhibited  in  the 
data  summary  of  each  test  point  in  Appendix  I).  Finally  load  transfer  efficiency 
(LTus)  was  determined  as: 


Load  Transfer  Efficiency  (LTUS )  =  *2  .  iqq  (8.4) 

Deflection  at  Accelerometer  #1 

The  “US”  in  LTus  signifies  upstream,  which  means  using  a  ratio  of  the  deflection  on 
the  far  side  of  the  joint  (accelerometer  #2)  with  respect  to  the  deflection  adjacent  to 
the  load  point  (accelerometer  #1).  Notice  deflection  readings  determined  within  this 
study  are  affected  by  the  heavy  static  load  of  49  kips  for  the  RDD/SDD  device.  This 
static  load  is  in-place  prior  to  the  dynamic  motion  used  in  determining  the  load 
transfer  efficiency.  Due  to  the  nature  of  the  load  point  as  oriented  with  respect  to  the 
vehicle  and  the  joint  at  the  edge  and  comer  test  points  (see  Figure  3.9  for  point 
location  relative  to  device  footprint),  the  determined  load  transfer  efficiency  was  not  a 
true  loaded-unloaded  transfer  scenario.  Both  sides  of  the  joints  experienced  loading 
from  the  vehicle.  However,  since  this  vehicle  positioning  was  consistent  throughout 
all  testing,  these  load  transfer  efficiencies  can  be  compared  to  each  other  to  observe 
any  degradation  or  changes  in  response  on  a  point-to-point  relative  level.  In  addition, 
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load  transfer  efficiency  was  also  computed  for  center-point  loading.  Although  this 
test  section  is  not  load  transfer  in  the  true  sense,  since  no  joints  affected  the  deflection 
response,  this  location  enabled  a  comparison  to  be  made  for  slab  response  and 
degradation  over  distance  from  a  given  test  point,  from  test  location  to  test  location. 

The  deflection  measurements,  testing  time,  and  applications  were  loaded  into 
a  spreadsheet  for  further  computation  of  averages  and  load  transfer  efficiency. 
Standard  deviation  and  variance  were  computed  for  the  five  sample  sets  in  each  load 
group.  Each  test  slab  contained  3  test  points,  with  the  tests  points  labeled  as  Point  #1 
through  Point  #9  in  order  of  completion.  Table  8.2  gives  the  test  locations  and 
numbering  sequence.  Figure  5.6  in  Section  5.3  shows  a  plan  of  the  airport  and  the 
general  test  locations.  Figure  8.4  gives  the  load  point  and  accelerometer  arrangement 
at  each  test  location,  illustrating  the  test  point  descriptions  given  in  Table  8.2. 

Table  8.2  -  Sequence  of  SDD  SAP  Testing  and  Number  Scheme 


Location 

Test  Number 

Test  Point 

Taxiway  A6 

#1 

Edge 

#2 

Corner 

#3 

Center 

South  Run-Up 

#4 

Center 

#5 

Comer 

#6 

Edge 

North  Run-Up 

#7 

Center 

#8 

Edge 

#9 

Corner 

108 


t 

t 

t 

Center 

Edge 

Corner 

Figure  8.4  -  Testing  Point  Orientation  with  Load  Frame  Location  and 
Accelerometer  Arrangement  on  Test  Slab 

Figure  8.5  is  a  sample  of  the  data  recorded  and  computed  through  the  aid  of 
the  spreadsheet  for  years  1  to  5  for  Point  #2,  the  comer  test  point  at  Taxiway  A6. 
Specifically,  Figure  8.5  shows  the  sampling  technique  for  load  and  deflection 
readings  for  Years  1-5,  for  testing  at  the  comer  loading  on  Taxiway  A6.  The  first 
column  of  data  presents  the  testing  goals,  with  a  comparison  to  the  actual  test  time 
and  number  of  applications.  The  next  column  illustrates  the  5-period  sampling 
technique  and  the  times  used  for  each  period.  Next,  peak  and  valley  loads  are 
averaged  over  both  the  sampling  periods  and  the  entire  test  period  for  the  respective 
load  group.  The  highlighted  rows  bring  attention  to  the  average  values  generated  for 
both  the  five  sampling  periods  and  the  entire  test  periods.  These  values  are 
highlighted  for  each  loading  scenario  for  each  test  point.  A  complete  set  of  reduced 
data,  illustrating  all  nine  test  points  is  included  in  Appendix  I. 
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Point  #2 


A6  Corner 


1 

Load 

Goal 

|Start  (s)  |Stop  (s)  f 

(Start  (s)  |Apps.  | 

Peak 

Valiey  | 

|26,600  app.  (1330  s) 

7.1  kips  Test  Time 

Total  Apps./Period 
Total  Apps./Overall 


Load 

Accelerometer  #1 

Goal  |Start  (s)  |Stop  (s)  |  |Start  (s)  |Apps.  | 

Peak 

Valley  [ 

Peak  IValley 

Defl.(mils)  | 

(12,100  app.  (605  s)  1545  2152.0  50  sec  intervals  1600  28100  15.88  3.17  4.21  -6.73  10.94 

50  sec  intervals 


27000 

27000 


300 

550 

800 

1050 


1000 

5000 

10000 

15000 

20000 


Avg  Reading  for  Entire  Test  Period 


9.89 

9.94 

9.96 

10.95 

10.15 

0.45 

0.20 

10.21 


3.94 

4.02 

4.08 

4.04 

3.01 


Accelerometer  #1 
Peak  |Valley  |Defl.(mils)  | 


2.04 

1.95 

1.91 


-2.38 

-2.17 

-2.06 

-2.10 

_ -3.74 

Avg 

o 

Variance 

-2.18 


4.42 

4.12 

3.97 

4.06 

6.54 

4.62 

1.09 

1.18 

4.14 


\  15.9  kips  Test  Time 

Total  Apps./Period 
Total  Apps./Overall 


607.0 

12140 


1700 

1800 

1900 

2000 


30100 

32100 

34100 

36100 


Avg  Load 


Avg  Reading  for  Entire  Test  Period 


16.05 

16.01 

15.97 

16.05 

15.99 

0.07 

0.01 

15.96 


3.22 
3.27 
2.82 

3.23 


4.18 

4.10 

4.10 

4.13 


-6.87  11.05 

-6.76  10.86 

-6.65  10.75 

-6.78  10.91 

Avg  10.90 

o  0.11 


Variance 
4.14  -6.70 


Load 

Accelerometer  #1 

Goal  |Start  (s) 

Stop  (s) 

IStart  (s)  [A? 

ps.  | 

Peak 

Valley  | 

Peak  IValley 

Defl.(mils) 

10,400  app.  (520  s)  2440 

2961.0 

50  sec  intervals  2500 

40340 

29.82 

4.64 

7.17  -12.90 

20.07 

@31.6  kips  Test  Time 

521.0 

2600 

42340 

29.96 

4.87 

7.27  -12.86 

20.13 

Total  Apps./Period 

10420 

2700 

44340 

29.94 

4.82 

7.30  -12.99 

20.29 

Total  Apps./Overall 

49560 

2800 

46340 

29.92 

4.81 

7.56  -13.38 

20.94 

2900 

48340 

29.79 

4.97 

7.54  -13.24 

20.78 

Avg  Load 

29.89 

20.44 

o 

0.08 

o 

0.39 

Variance 

0.01 

Variance 

0.16 

j^liardiiatfor  Entire  Test  Period  | 

29.85 

4.79 

7.34  -13.05 

20.39 

Accelerometer  #2 

Accelerometer  #3 

Peak  |Valley 

Defl.(mils)  |Norm.  Defl.  (mils/pl)|LTusC%J  | 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

1.37 

1.32 

1.27 

1.29 

1.77 


-1.26 

-1.21 

-1.18 

-1.17 

-1.90 

Avg 

<T 

Variance 

-1.21 


2.63 

2.53 

2.45 

2.46 
3.67 
2.78 
0.60 
0.36 
2.52 


0.26 

0.26 

0.25 

0.25 

0.34 

0.27 

0.04 

0.00 

0.25 


59.50 

61.41 

61.71 

60.59 

56.12 

60.09 


1.03 

0.99 

0.96 

0.97 

1.34 


-0.93 
-0.90 
-0.86 
-0.86 
-1.42 
Avg 
o 

Variance 

-1.01 


1.96 

1.89 

1.82 

1.83 

2.76 

2.05 

0.40 

0.16 


0.20 

0.19 

0.18 

0.18 

0.25 

0.20 

0.03 

0.00 

0.20 


Accelerometer  #2 

Accelerometer  #3 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) \LTUS(%)  \ 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

2.94  -3.83 

3.02  -3.97 

2.98  -3.96 

2.93  -3.94 

3.01  -4.01 

<T 

Variance 


6.94 

6.87 

7.02 

6.92 

0.10 

0.01 


0.43  61.6 

0.44  63.26 

0.43  63.90 

0.43  63.91 

0.44  64.34 

0.43  63.46 

0.00 
0.00 
0.43 


2.23 
2.26 
2.26 

2.24 
2.72 


-2.95 

-3.06 

-3.07 

-3.05 

-3.12 

Avg 


Variance 
2.25  -3.01 


5.18 

5.32 

5.33 
5.29 
5.84 
5.39 
0.26 
0.07 
5.26 


0.33 

0.33 

0.33 

0.33 

0.36 

0.34 

0.02 

0.00 

0.33 


Accelerometer  #2 

Accelerometer  #3 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) \LTUS(%)  \ 

Peak  |Valley  “ 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

5.21 

5.28 

5.27 

5.38 

5.35 


-8.09 

-8.11 

-8.19 

-8.43 

-8.39 

Avg 

Variance 

-8.22 


13.30 

13.39 

13.46 

13.81 

13.74 

13.54 

0.22 

0.05 

13.49 


0.45  66.27 

0.45  66.52 

0.45  66.34 

0.46  65.95 


3.95 

4.03 

4.02 


0.46 

0.45 

0.01 

0.00 

0.45 


66.12 

66.24 


-6.29 
-6.32 
-6.37 
-6.55 
-6.92 
Avg 

Variance 

-6.89 


10.24 

10.35 

10.39 

10.64 

10.99 

10.52 

0.30 

0.09 

10.90 


0.34 

0.35 

0.35 

0.36 

0.37 

0.35 

0.01 

0.00 

0.37 


Figure  8.5  -  Sample  SDD  SAP  Data  for  Years  1-5  for  Point  #2  -  Corner  at 

Taxiway  A6 
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8.4  PRESENTATION  OF  MEASUREMENTS 

Plots  were  produced  for  all  test  points  to  illustrate  the  relationship  of 

measured  deflections  versus  load  applications.  The  term  measured  deflections  refers 
simply  to  the  dynamic  deflections  that  were  measured  at  each  point  and  is  used  to 
differentiate  between  the  normalized  deflections,  which  are  presented  in  detail  in  the 
analysis  portion  in  Chapter  9.  Figures  8.6  through  8.14  illustrate  this  relationship  for 
each  test  point.  All  deflection  measurements  shown  in  Figures  8.6  through  8.14  were 
measured  by  accelerometer  #1  reading  for  each  location  (accelerometer  closest  to  the 
load  point).  Expected  trends  of  increasing  absolute  deflection  with  increasing  load 
were  observed  for  all  nine  points.  In  addition,  larger  deflection  trends  were  noted  at 
comer  test  points  in  comparison  to  edge  test  points.  Likewise,  edge  points  exhibited 
larger  deflection  trends  than  center  points.  Less  scatter  in  data  was  observed  at  center 
points  in  comparison  to  comer  and  edge  points.  Proximity  to  joint  and  inherent 
variability  associated  with  the  joints  and  the  subgrade  beneath  substantiate  these 
findings.  Any  adverse  subgrade  condition  will  be  more  pronounced  at  joint  locations. 

Note  that  all  measurement  and  analysis  plots  presented  within  this  report 
include  a  small  depiction  of  load/accelerometer  configuration  for  reader  orientation. 
Each  configuration  is  located  in  the  upper  right  corner  of  each  plot,  above  the  key. 
These  depictions  are  miniature  scaled  versions  of  the  three  different  loading  scenarios 
presented  in  Figure  8.4. 
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Measured  Dynamic  Deflections  (mils)  ^  Measured  Dynamic  Deflections  (mils) 


Load/Accelerometer  Configuration 


8.6  -  Measured  Deflections  over  Complete  Testing  Period  -  North  Run- 
Up  -  Center  Load  Point 


Load/Accelerometer  Configuration 


Total  Number  of  Applications 


Figure  8.7  -  Measured  Deflections  over  Complete  Testing  Period  -  North  Run- 

Up  -  Edge  Load  Point 
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Load/Accelerometer  Configuration 


Figure  8.8  -  Measured  Deflections  over  Complete  Testing  Period  -  North  Run- 

Up  -  Corner  Load  Point 


Load/Accelerometer  Configuration 


Figure  8.9  -  Measured  Deflections  over  Complete  Testing  Period  -  South  Run- 

Up  -  Center  Load  Point 
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Load/Accelerometer  Configuration 


Total  Number  of  Applications 


Figure  8.10  -  Measured  Deflections  over  Complete  Testing  Period  -  South  Run 

Up  -  Edge  Load  Point 


Load/Accelerometer  Configuration 


Figure  8.11  -  Measured  Deflections  over  Complete  Testing  Period  -  South  Run 

Up  -  Corner  Load  Point 
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Load/Accelerometer  Configuration 


Total  Number  of  Applications 


Figure  8.12  -  Measured  Deflections  over  Complete  Testing  Period  -  Taxiway  A6 

-  Center  Load  Point 


Load/Accelerometer  Configuration 


Total  Number  of  Applications 


Figure  8.13  -  Measured  Deflections  over  Complete  Testing  Period  -  Taxiway  A6 

-  Edge  Load  Point 
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Load/Accelerometer  Configuration 


Figure  8.14  -  Measured  Deflections  over  Complete  Testing  Period  -  Taxiway  A6 

-  Corner  Load  Point 

In  general,  variations  in  data  points  occur  at  the  highest  load  level  at  each  test 
point.  Variations  may  be  the  result  of  complications  in  the  testing  methods,  possibly 
the  accelerometer  seating  affecting  the  results.  This  variation  is  contrary  to 
anticipated  response  (decrease  in  deflection  with  applications),  and  may  be  the  result 
of  subgrade  action.  A  decreasing  pattern  is  seen  particularly  in  the  first  period  of 
applications  of  the  highest  load  level,  possibly  the  result  of  settling  of  subgrade 
during  continuous  dynamic  application. 

By  looking  at  Figures  8.6  through  8.14,  observations  can  be  made  regarding 
the  site  conditions  at  each  testing  location.  The  test  points  at  the  South  Run-Up  and 
Taxiway  A6  locations  exhibited  much  greater  deflections  than  at  the  North  Run-Up 
location.  By  examining  the  center  test-point  locations  at  the  three  general  locations 
(Figures  8.6,  8.9,  and  8.12),  the  highest  deflection  measurements  are  on  the  order  of 
three  times  greater  at  the  South  Run-Up  and  Taxiway  A6  locations  than  the  North 
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Run-Up  location.  It  can  be  concluded  that  the  stiffness  of  the  pavement  structure  at 
the  North  Run-Up  location  is  significantly  greater  than  the  other  two. 

An  examination  of  the  original  construction  cut/fill  profile  from  the  airfield 
construction  plans  was  conducted  to  determine  if  the  response  of  cut  or  fill  sections 
coincided  with  this  observed  differences  in  the  deflection  response.  Expected  cut/fill 
locations  did  not  correspond  with  the  anticipated  deflection  response.  As  a  general 
rule,  typically  cut  areas  exhibit  higher  stiffnesses  in  the  subgrade  profile  as 
determined  from  lower  deflection  response,  whereas  compacted  fill  areas  typically 
exhibit  lower  stiffnesses  as  inferred  from  a  higher  deflection  response.  Fill  and 
compaction  techniques  are  unable  to  equal  the  original  in  situ  stiffness,  likely  due  to 
the  subgrade  disturbance  associated  with  the  filling  process.  In  the  case  of  this  study, 
an  estimated  two  to  four  feet  of  fill  was  used  during  construction  of  Taxiway  A6  as 
determined  from  the  cut/fill  profile,  while  the  South  Run-Up  was  constructed  with 
little  to  no  fill  at  the  existing  elevation.  These  areas  exhibited  greater  deflections  than 
the  North  Run-Up  area,  which  was  constructed  on  approximately  2.5  feet  of  fill. 
Since  the  subgrade  construction  did  not  support  the  observed  trends,  the  disparity  in 
deflections  was  attributed  to  test  slab  location  with  respect  to  anticipated  trafficking 
patterns.  The  North  Run-Up  area  fell  outside  of  direct  loading  by  aircraft  passes. 
Although  situated  in  areas  experiencing  less  aircraft  passes  than  the  North  Run-Up 
area,  Taxiway  A6  and  the  South  Run-Up  area  were  both  located  in  the  line  of  direct 
traffic  loading. 

In  addition  to  the  aforementioned  testing  scenario  comprised  of  the  tiered 
loading  scenario  representative  of  five-year  increments,  an  additional  supplemental 
test  (with  the  objective  of  reaching  failure)  was  devised  for  the  last  comer  test 
location  at  the  North  Run-Up  area.  The  purpose  of  this  test  was  to  exert  additional 
loads  above  and  beyond  the  20-year  expected  cycle  (nearly  200,000  equivalent  load 
applications),  in  the  event  that  distress  failure  or  cracking  was  not  achieved  within  the 
equivalent  20-year  period  of  testing.  This  increased  load  applications  would  provide 
an  additional  set  of  data  to  better  understand  the  response  of  the  pavement  beyond  the 
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equivalent  20-year  cycle.  The  comer  loading  scenario  was  selected  since  this  loading 
scenario  exhibits  the  highest  deflections  compared  to  edge  and  center  loading  points, 
effectively  testing  the  worse  case  scenario.  Figure  8.15  shows  the  same  data  that  was 
presented  in  Figure  8.8,  with  the  additional  supplementary  loading  added  for 
comparison.  Note,  the  supplemental  testing  was  completed  with  a  dynamic  load  of 
approximately  40  kips  for  a  duration  of  just  over  one  hour.  At  a  frequency  of  loading 
of  20  Hz,  this  supplemental  loading  was  equivalent  to  an  additional  74,400 
applications  at  a  load  level  above  the  previous  high  level;  an  increase  of  over  25%  of 
the  20-year  expected  repetitions  and  an  increase  of  30%  over  the  highest  load  group 
within  the  original  testing  model  (31.6  kips).  Sample  sets  over  the  course  of  the  hour 
of  test  data  were  averaged  to  determine  if  any  trends  occurred  over  the  duration.  This 
averaging  was  done  in  the  same  manner  as  the  method  describe  in  Section  8.3  and 
Figure  8.1.  Due  to  the  longer  nature  of  the  testing  period,  a  total  of  seven  sample  sets 
were  analyzed. 
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Figure  8.15  -  Supplemental  Deflection  Testing  -  North  Run-Up  -  Corner 
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A  minimal  increase  in  deflections  was  observed  over  the  extensive  heavy 
loading  sequence  of  the  supplemental  test  period.  The  results  in  Figure  8.15  showed 
a  minimal  increase  of  4%  in  deflection  from  the  average  of  the  first  sample  set 
compared  to  the  average  of  the  last  sample  set.  In  the  end,  no  manifestation  of 
cracking  occurred  during  the  period  of  supplemental  testing. 

It  should  be  noted  that  in  hindsight,  supplemental  testing  should  have  been 
performed  at  the  comer  of  the  Taxiway  A6  location.  This  location  exhibited  the 
largest  deflections,  inferring  the  least  stiff  subgrade  and  as  a  result  the  most  likely  to 
fail. 

It  should  also  be  noted  that  an  additional  two  accelerometers  were  installed 
during  the  testing  of  the  final  comer  at  the  North  Run-Up  location.  The  additional 
accelerometers  enabled  detection  of  deflection  and  joint  transfer  across  the 
longitudinal  joint  (see  Figure  8.1).  All  other  comer  tests  focused  solely  on  loading 
across  the  transverse  joint.  Transverse  joints  experience  direct  loading  more  often 
than  longitudinal  joints,  hence  the  focus  of  testing  on  the  transverse  joints.  According 
to  as-builts,  transverse  joints  are  supported  with  No.  6  rebar  at  16  inches  on  center, 
whereas  the  longitudinal  joints  are  keyed  for  load  transfer  between  slabs  and 
additional  support  at  the  joint.  The  measurements  of  this  additional  deflection  testing 
is  presented  in  Section  9.2  for  comparison  with  other  load  transfer  efficiency  data. 

8.5  Summary 

In  this  chapter,  the  conditions  which  prevailed  during  the  SDD  SAP  testing 
portion  of  this  research  are  examined.  Specific  conditions  of  higher  temperatures  and 
precipitation  totals  support  and  substantiate  the  observed  pavement  response. 
Deflection  measurements  resulting  from  the  SDD  SAP  testing  have  been  presented  in 
order  to  properly  assess  the  current  state  of  response  of  the  pavement.  Differences 
existed  between  test  points  and  test  locations.  As  expected  for  test  points,  center 
loading  exhibited  the  lowest  deflections  with  deflections  increasing  at  edge  loading, 
and  increasing  even  further  at  the  comer  loading.  For  example,  the  average 
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deflections  at  the  final  load  grouping  at  each  location  (for  all  three  load  scenarios, 
respectively)  exhibited  an  increase  of  approximately  61%  to  79%  from  center  to  edge, 
and  2%  to  28%  from  edge  to  comer.  In  examining  test  locations,  the  North  Run-Up 
exhibited  approximately  1/3  the  measured  deflections  of  the  Taxiway  A6  and  South 
Run-Up  locations,  a  possible  result  of  the  relatively  untrafficked  condition  existing  at 
the  North  Run-Up.  With  the  same  layer  dimensions  for  the  North  and  South  Run-Up, 
the  larger  deflections  at  the  South  Run-Up  can  be  attributed  to  trafficking  and  local 
condition  effects  (subgrade,  drainage,  etc.).  With  respect  to  deflections  over  the 
course  of  20-year  equivalent  loading  cycle,  very  little  increase  was  observed  over 
time.  Taxiway  A6  exhibited  the  most  significant  trend,  with  observable  increases 
occurring  over  the  course  of  the  equivalent  loading  periods.  Although  the  three  test 
locations  provide  data  specific  to  the  area  which  were  tested,  the  similarity  in 
composition,  age,  and  construction  standards  of  the  selected  test  locations  make  the 
test  measurements  applicable  as  an  assessment  of  concrete  typical  to  Runway  16/34. 
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Chapter  9  -  Analysis  of  SDD  Field  Measurements 


9.1  Introduction 

Conversion  of  the  raw  data  into  viable  deflection  measurements  is  presented 
in  Chapter  8.  These  measurements  are  presented  in  Section  8.3  and  Figures  II 
through  136  in  Appendix  I.  Analysis  and  comparison  of  deflection  measurements  is 
presented  in  this  chapter.  The  magnitude  of  the  deflections  and  the  load  transfer, 
evaluated  at  the  different  test  points,  are  studied  as  a  function  of  both  number  of 
applications  and  load  level.  This  analysis  allows  observation  of  distinct  relationships 
and  further  deductions  to  be  made  on  the  condition  of  Runway  16/34.  The  deflection 
responses  exhibited  by  the  three  different  loading  points  (center,  edge,  comer)  at  the 
three  general  test  locations  (Taxiway  A6,  South  Run-Up,  North  Run-Up)  are  also 
studied. 

9.2  Analysis  of  Measured  and  Normalized  Deflections 

In  the  following  section,  the  SDD  deflection  measurements  presented  in 

Chapter  8  are  studied  in  greater  depth.  As  shown  in  Section  8.4,  the  relationship  of 
measured  deflection  with  number  of  load  applications  provides  insight  into  the 
behavior  of  the  pavement  at  each  test  point  at  each  test  location.  Additional 
comparison  of  the  deflection  relationships  with  load  level  also  reveals  different 
relationships,  at  different  test  points  and  locations.  In  addition  to  measured 
deflections,  normalized  deflections  provide  an  additional  means  of  comparing  the 
deflection  responses.  Normalized  deflections  are  defined  in  this  study  as  the 
measured  deflection  divided  by  the  applied  load  during  the  time  of  measurement. 
Normalizing  deflections  takes  into  account  any  variability  in  the  load  level  which  was 
applied  during  the  SDD  SAP  testing  process.  The  following  subsections  address  both 
measured  and  normalized  deflection  relationships  which  were  determined  by  further 
analysis  of  the  testing  measurements. 
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9.2.1  Analysis  of  Measured  Deflections 

The  measurements  presented  in  Section  8.4  focus  on  the  change  in  measured 

deflections  with  respect  to  the  total  number  of  load  applications.  As  discussed  in 
Section  8.4,  there  was  no  apparent  trend  found  in  the  deflection  measurements  among 
each  load  grouping,  within  a  five-year  increment  at  each  test  point.  Therefore,  the 
average  measured  deflection  was  used  to  produce  the  plots  of  average  deflection 
versus  load.  These  plots  enable  the  relationship  to  be  established  between  average 
deflection  per  five  years  of  loading  and  load  level.  For  the  following  data  analysis, 
the  readings  produced  by  accelerometer  #1  (closest  to  load  point)  were  used  in 
producing  deflection  data  for  comparison. 

Figures  9.1  through  9.9  illustrate  the  relationship  of  average  measured 
deflections  per  five-year  load  period  to  load  level.  All  figures  are  plotted  using  the 
same  scales  on  the  x  and  y  axes.  Figures  9.1  through  9.3  show  the  measured 
deflections  relationships  at  the  North  Run-Up  location.  All  three  load  test  points 
(center,  edge,  and  comer)  exhibit  a  linear  relationship  as  averaged  measured 
deflection  increases  with  increasing  load.  Equations  for  the  linear  regression  trend 
lines  have  been  added  to  all  figures.  Figures  9.4  through  9.6  show  the  measured 
deflections  relationships  at  the  South  Run-Up  location.  In  this  case,  a  linear 
relationship  for  the  first  two  load  groups  is  exhibited,  after  which  a  slight  nonlinearity 
is  seen  at  the  third  load  group  at  all  three  load  points.  Figures  9.7  through  9.9  show 
the  average  measured  deflections  relationships  at  the  Taxiway  A6  location.  A  linear 
relationship  is  seen  at  the  center  load  point  (Figure  9.7).  However  the  edge  and 
comer  load  points  exhibit  the  most  scatter  and  the  most  nonlinearity  of  any  of  the  test 
locations.  In  general,  Figures  9.4  through  9.9  can  be  considered  to  be  linear  as  a  first- 
order  effect,  with  any  nonlinearity  appearing  as  a  second  order  effect.  Figures  9.4 
through  9.6  highlight  the  typical  observed  nonlinearity  at  the  third  load  level  of  the 
South  Run-Up  location. 

Overall,  a  nearly  linear  relationship  was  found  for  all  data.  Regression  lines 
were  fit  to  all  nine  plots.  These  regression  lines  are  presented  in  Table  9.1.  By 
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comparing  the  slopes  of  each  of  these  trend  lines,  the  findings  from  the  relationship 
between  measured  deflections  and  load  applications  is  confirmed.  For  each  test 
location,  center-edge-comer  is  the  order  of  increasing  deflection  as  noted  by 
increasing  slope  values  for  the  respective  trend  lines.  The  first  plot  (Figure  9.1) 
highlights  the  different  load  grouping  data.  Once  again  this  relationship  demonstrated 
the  stiffer  nature  of  the  North  Run-Up  area  in  comparison  with  Taxi  way  A6  and  the 
South  Run-Up  area. 


Table  9.1  -  Linear  Regression  Relationships  for  Average  Measured  Deflection 
for  Five-Years  of  Loading  to  Load  Level 


Figure  No. 

Location 

Slope  (mils/kip) 

R2 

9.1 

North  Run-Up  Center 

0.1357 

0.9897 

9.2 

North  Run-Up  Edge 

0.2076 

0.9711 

9.3 

North  Run-Up  Comer 

0.2359 

0.9882 

9.4 

South  Run-Up  Center 

0.3880 

0.9705 

9.5 

South  Run-Up  Edge 

0.5539 

0.9761 

9.6 

South  Run-Up  Comer 

0.6070 

0.9888 

9.7 

Taxiway  A6  Center 

0.3933 

0.9906 

9.8 

Taxiway  A6  Edge 

0.5576 

0.9464 

9.9 

Taxiway  A6  Comer 

0.6837 

0.9411 

y  =  A  *  x 

where  x  =  load  level  in  kips,  y  =  deflection  in  mils, 

A  =  the  slope  of  the  line  in  mils/kip,  and  R  =  the  %  variation  of  the  data 
explained  by  the  fitted  regression  line. 
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Figure  9.1  -  Average  Deflections  Measured  by  Accelerometer  #1  for  Five-Year 
Load  Period  with  Load  Level:  North  Run-Up  -  Center  Load  Point 
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Figure  9.2  -  Average  Deflections  Measured  by  Accelerometer  #1  for  Five-Year 
Loading  Period  with  Load  Level:  North  Run-Up  -  Edge  Load  Point 
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Figure  9.3  -  Average  Deflections  Measured  by  Accelerometer  for  Five-Year 
Load  Period  with  Load  Level:  North  Run-Up  -  Corner  Load  Point 


Load/Accelerometer  Configuration 


Load  (kips) 


♦  Years  1-5 
■  Years  6-10 
a  Years  11-15 
x  Years  16-20 


Figure  9.4  -  Average  Deflections  Measured  by  Accelerometer  #1  for  Five-Year 
Load  Period  with  Load  Level:  South  Run-Up  -  Center  Load  Point 
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Average  Measured  Deflections  per  5  Years  (mils) 
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Figure  9.5  -  Average  Deflections  Measured  by  Accelerometer  #1  for  Five-Year 
Load  Period  with  Load  Level:  South  Run-Up  -  Edge  Load  Point 
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Figure  9.6  -  Average  Deflections  Measured  by  Accelerometer  #1  for  Five-Year 
Load  Period  with  Load  Level:  South  Run-Up  -  Corner  Load  Point 
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Figure  9.7  -  Average  Deflections  Measured  by  Accelerometer  #1  for  Five-Year 
Load  Period  with  Load  Level:  Taxiway  A6  -  Center  Load  Point 
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Figure  9.8  -  Average  Deflections  Measured  by  Accelerometer  #1  for  Five-Year 
Load  Period  with  Load  Level:  Taxiway  A6  -  Edge  Load  Point 
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Figure  9.9  -  Average  Deflections  Measured  by  Accelerometer  #1  for  Five-Year 
Load  Period  with  Load  Level:  Taxiway  A6  -  Corner  Load  Point 

By  using  the  approximate  linear  trend  in  the  deflection-load  level  relationship, 
the  adjustment  for  loading  position  of  the  Taxiway  A6  edge  loading  data  could  be 
made.  As  mentioned  in  Section  5.5.2,  this  was  the  first  point  tested,  where  the  load 
was  placed  an  additional  6  in.  from  the  first  accelerometer,  with  the  purpose  to  test 
the  stability  of  the  load  frame  under  dynamic  loads.  However,  this  additional 
distance  of  6  in.,  lowered  the  deflection  response  determined  for  this  test  point. 
Comparisons  and  percentage  increases  were  calculated  for  each  location,  comparing 
the  slope  of  the  line  for  each  loading  scenario  at  all  three  locations.  A  factor  was 
determined  which  was  applied  to  the  Taxiway  A6  edge  location  deflection  data.  A 
more  detailed  overview  of  the  concept  for  data  adjustment  is  presented  in  Appendix  J. 

In  addition  to  the  presentation  of  the  nine  test  points,  Figure  9.10  is  included 
to  show  the  results  of  the  supplemental  testing  conducted  at  the  North  Run-Up  comer, 
following  completion  of  the  equivalent  20-year  loading.  Figure  9. 10  includes  the  data 
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from  the  plot  from  the  North  Run-Up  corner,  shown  in  Figure  9.3.  This  average 
measured  deflection  value  under  the  supplemental  test  load  falls  directly  on  the 
observed  trend  line,  further  substantiating  the  linear  trend  observed  this  test  location. 
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Figure  9.10  -  Average  Deflections  Measured  by  Accelerometer  #1  for  Five-Year 
Load  Period  with  Load  Level:  North  Run-Up  -  Corner  Load  Point  -  Including 

Supplemental  Testing 

9.2.2  Analysis  of  Normalized  Deflections 

Variation  of  Average  Normalized  Deflections  with  Number  of  Load  Applications 

Along  with  the  analysis  of  the  average  measured  deflections  per  five-year 
loading  periods,  normalized  deflections  per  five-year  loading  periods  were  also 
examined  to  enable  further  comparison  of  the  responses  between  the  different 
locations  and  different  load  levels.  Normalization  of  the  average  deflection  was 
accomplished  by  dividing  average  measured  deflections  by  the  respective  average 
peak  load  which  caused  the  deflection.  This  process  decreased  the  pronounced 
difference  between  load  groups.  Examples  of  these  data  are  shown  in  Figures  9.11, 
9.12,  and  9.13.  These  figures  comprise  all  three  test  points  at  the  South  Run-Up 
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location  and  are  presented  as  a  sample  set  for  this  relationship.  Higher  load  levels 
caused  increased  normalized  deflections  for  the  center,  edge,  and  comer  load  points 
of  the  South  Run-Up  locations.  The  remaining  two  test  locations  are  included  in 
Appendix  K.  Note,  the  y-axis  scale  for  Figures  9.11,  9.12,  and  9.13  has  been  kept 
consistent  with  figures  in  Appendix  K  for  ease  in  correlating  the  trends. 

Examination  of  the  normalized  deflections  versus  total  load  applications 
demonstrates  two  points.  The  first  point  is  that  the  normalized  deflections  at  each 
load  level  remain  essentially  constant  and  independent  of  number  of  load 
applications.  The  second  point  is  that  the  largest  load  level  causes  slightly  larger 
equivalent  deflections  (mils  per  peak  load),  even  after  normalization.  Load  Group  #1 
and  #2  (labeled  Loading  #1  and  #2  in  Figures  9.11,  9.12,  and  9.13)  are  linear.  The 
increase  at  the  third  load  level,  once  again  demonstrates  the  slight  nonlinearity  found 
in  the  data  in  Section  9.2.1.  It  is  important  to  note  that  if  the  response  were  linear 
across  all  load  groups,  then  the  normalization  would  result  in  all  normalized 
deflections  being  equal  in  value,  at  a  given  test  point.  There  would  not  be  an  increase 
in  value  at  the  third  load  group  as  seen  in  Figures  9.1 1,  9.12,  and  9.13.  The  Taxiway 
A6  location  did  experience  some  apparent  degradation  (as  seen  in  Appendix  K)  with 
normalized  deflections  increasing  with  number  of  applications. 
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9.11  -  Variation  of  Average  Normalized  Deflections  with  Number  of 
Load  Applications:  South  Run-Up  -  Center  Load  Point 
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Figure  9.12  -  Variation  of  Average  Normalized  Deflections  with  Number  of 
Load  Applications:  South  Run-Up  -  Edge  Load  Point 
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Figure  9.13  -  Variation  of  Average  Normalized  Deflections  with  Number  of 
Load  Applications:  South  Run-Up  -  Corner  Load  Point 

Variation  of  Average  Normalized  Deflections  with  Load 

As  noted  in  Section  9.2.1  in  the  discussion  of  the  average  measured 
deflections  per  five-year  load  periods  versus  load  level,  the  relationship  between 
deflection  and  actual  load  provides  valuable  insight  into  the  response  of  the 
pavement.  Figures  9.14  through  9.22  build  upon  this  relationship,  presenting  the 
average  normalized  deflections  per  five-year  load  period  with  load  level.  Once  again, 
normalization  of  the  deflections  highlights  the  previously  observed  trend  in 
examining  measured  deflections  versus  load  level,  discussed  in  Section  9.2.1.  The 
linear  trend  between  measured  deflections  and  load  level  should  plot  as  a  horizontal 
line  in  the  normalization  of  deflections.  Minor  variations  in  the  horizontal  line  would 
be  attributed  to  slight  nonlinearity.  A  nearly  true  horizontal  line  among  the  three  load 
groups  for  given  five-year  load  periods  would  infer  a  linear  relationship  between 
deflections  and  load.  Figures  9.14,  9.15,  and  9.16  for  the  North  Run-Up  location  can 
be  approximated  by  a  horizontal  line.  However,  even  in  this  case  there  is  some 
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nonlinearity  shown  in  the  behavior  at  the  highest  load  level.  Scatter  of  data  and 
variability  associated  with  the  testing  can  likely  account  for  some  of  the  slight 
divergence  in  these  three  plots. 

Plots  of  the  variation  in  average  normalized  deflections  versus  load  level  for 
the  South  Run-Up  and  Taxiway  A6  load  points  are  shown  in  Figures  9.17  through 
9.22.  Once  again,  these  results  illustrate  the  nonlinearity  was  a  second  order  effect  in 
all  tests,  except  the  tests  at  the  edge  and  comer  load  points  on  Taxiway  A6.  The 
divergence  from  the  horizontal  line  with  the  third  load  group  level  is  shown  again  at 
the  South  Run-Up  location.  Figures  9.17  and  9.18  highlight  this  nonlinearity.  The 
plots  from  this  location  also  enable  a  visual  comparison  with  previously  presented 
normalized  deflection  versus  application  plots  (Figures  9.11,  9.12,  and  9.13).  The 
only  locations  which  did  not  show  this  slight  nonlinearity  are  the  North  Run-Up  and 
Taxiway  A6  locations  (Figures  9.14  and  9.20). 

The  edge  and  comer  load  points  of  Taxiway  A6  (Figures  9.21  and  9.22)  show 
considerable  scatter  and  nonlinearity  of  data.  Part  of  this  may  be  a  result  of 
familiarization  of  field  personnel  with  test  procedures,  these  two  locations  were  the 
first  two  tests  performed  in  the  field.  Load  levels  varied  considerably  more  from  the 
desired  target  (Load  Group  #1-7.1  kips,  Load  Group  #2  -  15.9  kips,  Load  Group  #3 
-31.6  kips)  than  during  other  test  points.  The  trend  lines  have  been  added  to  Figure 
9.21  and  9.22  emphasizing  the  increase  in  normalized  deflection  seen  from  the  first 
load  period  to  the  last  load  period,  illustrating  the  higher  level  of  degradation 
occurring  at  Taxiway  A6.  Local  effects  at  this  location  could  have  contributed  to  the 
increase  in  normalized  deflections,  including  adjacent  drainage  and  subgrade 
condition. 
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Figure  9.14  -  Variation  of  Average  Normalized  Deflections  per  Five-Year  Load 
Period  with  Load  Level:  North  Run-Up  -  Center  Load  Point 
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Figure  9.15  -  Variation  of  Average  Normalized  Deflections  per  Five-Year  Load 
Period  with  Load  Level:  North  Run-Up  -  Edge  Load  Point 
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Figure  9.16  -  Variation  of  Average  Normalized  Deflections  per  Five-Year  Load 
Period  with  Load  Level:  North  Run-Up  -  Corner  Load  Point 
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Figure  9.17  -  Variation  of  Average  Normalized  Deflections  per  Five-Year  Load 
Period  with  Load  Level:  South  Run-Up  -  Center  Load  Point 
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9.18  -  Variation  of  Average  Normalized  Deflections  per  Five-Year  Load 
Period  with  Load  Level:  South  Run-Up  -  Edge  Load  Point 
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Figure  9.19  -  Variation  of  Average  Normalized  Deflections  per  Five-Year  Load 
Period  with  Load  Level:  South  Run-Up  -  Corner  Load  Point 
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Figure  9.20  -  Variation  of  Average  Normalized  Deflections  per  Five-Year  Load 
Period  with  Load  Level:  Taxiway  A6  -  Center  Load  Point 
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Figure  9.21  -  Variation  of  Average  Normalized  Deflections  per  Five-Year  Load 
Period  with  Load  Level:  Taxiway  A6  -  Edge  Load  Point 
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Figure  9.22  -  Variation  of  Average  Normalized  Deflections  per  Five-Year  Load 
Period  with  Load  Level:  Taxiway  A6  -  Corner  Load  Point 

Using  Figures  9.14,  9.17,  and  9.20,  the  center  load  point  at  each  location,  a 
comparison  of  normalized  deflections  provides  a  good  indication  of  typical  mid-slab 
pavement  response.  The  average  of  the  normalized  deflections  per  five-year  load 
period,  in  the  linear  range  at  the  center  of  the  slab  provides  a  characteristic  parameter 
of  the  pavement  system  (essentially  the  bending  of  the  slab),  where  a  larger  average 
normalized  deflection  indicates  less  support  within  a  pavement  system  at  a  given 
location.  For  example,  an  average  of  the  normalized  deflections  for  the  middle  load 
group  at  each  of  the  center  loading  scenarios  revealed  the  previously  exhibited  trend 
among  test  locations.  The  largest  deflections  were  exhibited  at  Taxiway  A6  and  the 
smallest  deflections  at  the  North  Run-Up  area.  Table  9.2  lists  the  average  normalized 
deflections  for  each  location,  supporting  this  trend.  Once  again  all  values  are 
generated  from  the  accelerometer  closest  to  the  load  point  (accelerometer  #1). 
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Table  9.2  -  Comparison  of  Average  Normalized  Deflection  in  the  Linear  Range 

at  the  Center  Load  Point 


Location 

Average  Normalized  Deflection 
(mils/peak  load) 

Taxi  way  A6 

0.40 

South  Run-Up 

0.35 

North  Run-Up 

0.13 

The  relationship  between  average  normalized  deflections  and  load  level  also 
showed  a  slight  increase  of  normalized  deflections  over  the  course  of  the  testing, 
hence  increasing  with  load  period.  When  comparing  deflections  caused  by  each 
respective  load  groups,  during  the  first  five-year  equivalent  increment  and  the  last 
five-year  equivalent  load  increment,  an  increase  was  observed  at  the  edge  loading 
point.  The  edge  point  was  selected  due  to  the  critical  nature  of  edge  loading  in 
concrete  performance.  Table  9.3  illustrates  this  trend,  presenting  the  percentage 
increase  from  normalized  deflection  during  the  first  five-year  increment  to  the  final 
five-year  increment,  for  the  edge  load  point  at  each  of  the  three  locations.  This  is  an 
anticipated  trend  as  a  given  load  group  deflection  is  expected  to  increase  from  the 
first  five-year  increment  on  through  the  testing  cycles.  The  much  higher  increases 
experienced  at  Taxiway  A6  could  be  a  result  of  a  site-specific  subgrade  conditions. 
As  mentioned  and  revealed  before  in  other  relationships,  this  location  demonstrates 
the  greatest  deflections  and  tendency  for  increased  deflections. 


139 


Table  9.3  -  Increase  in  Normalized  Deflection  Over  Five-Year  Increments  at 

Edge  Load  Point 


Location 

Percent  Increase  From  Equivalent  Years  1-5  to  Years  16-20 

Lowest  Load 
Grouping 

Middle  Load 
Grouping 

Highest  Load 
Grouping 

Taxi  way  A6 

56 

28 

46 

South  Run-Up 

8 

13 

4 

North  Run-Up 

-3 

11 

9 

9.3  LOAD  TRANSFER  EFFICIENCY 

Variation  of  Load  Transfer  Efficiency  with  Number  of  Applications 

In  addition  to  the  measured  and  normalized  deflections  which  have  been  the 
focus  of  the  analysis  thus  far,  it  is  also  important  to  analyze  the  potential  degradation 
of  load  transfer  efficiency  from  one  slab  to  another.  In  the  following  section,  the  SDD 
measurements  are  studied  in  terms  of  the  parameter  of  load  transfer  efficiency. 
Determination  of  load  transfer  efficiency  is  discussed  in  Section  8.3.  It  is  a  vital 
parameter  in  determining  how  a  rigid  pavement  system  reacts  under  given  loads. 
Investigating  the  load  transfer  efficiency  over  time  (with  load  applications)  at  a 
specific  test  point  provides  insight  into  the  behavior  of  the  pavement  structure  and  its 
respective  setting.  Additional  comparison  of  the  relationship  of  load  transfer 
efficiency  with  load  level  reveals  the  reaction  at  a  joint  under  increasing  load  levels. 
As  mentioned  previously,  testing  at  the  load  points  in  this  study  does  not  represent  the 
way  load  transfer  is  typically  defined.  Load  transfer  is  typically  defined  under 
conditions  tested  with  standard  pavement  testing  equipment,  like  the  falling  weight 
deflectometer  (FWD).  In  this  case,  there  is  no  “preload”  on  the  joint.  However,  with 
the  weight  of  the  RDD/SDD  device  already  causing  initial  stress  and  deflection 
conditions  (hence  a  “preload”),  load  transfer  values  produced  in  this  study  are  higher 
than  expected  under  an  unloaded  (no  “preload”)  condition.  On  the  other  hand,  the 
values  presented  in  this  study  are  effective  in  comparing  transfer  efficiency  in  a 
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relative  sense.  The  real  merit  of  SDD  SAP  testing,  as  conducted  in  this  study,  is  the 
opportunity  to  compare  multiple  test  locations  loaded  over  accelerated  applications  in 
a  relatively  limited  time  period.  With  this  approach,  any  degradation  trends  are  easily 
observed. 

Figure  9.23  through  9.3 1  illustrate  load  transfer  over  the  entire  test  application 
period  for  each  test  location  and  for  all  three  test  points.  As  mentioned  in  Section  8.3, 
the  center  loading  scenarios  are  clearly  not  representative  of  a  “true”  load  transfer. 
Nevertheless,  this  load  condition  provides  a  look  at  the  bending  mechanism  in  the 
slab  and  supporting  base/subgrade.  As  expected,  the  center  testing  exhibited  the 
highest  LTus  value  (as  defined  in  Section  8.3)  for  each  location.  All  three  locations 
exhibited  similar  magnitudes  for  the  center  testing  with  overall  average  values  of 
86%,  94%,  and  92%  for  the  North  Run-Up,  South  Run-Up,  and  Taxiway  A6, 

respectively  (Figures  9.23,  9.26,  and  9.29).  It  can  be  assumed  all  three  slabs 
experienced  similar  bending  and  deflection  dissipation  across  the  extent  of  the  slab 
based  on  these  results.  Also  note,  insignificant  degradation  was  measured  at  the 
center  load  points. 

In  examining  load  transfer  efficiency  with  respect  to  number  of  load  applications, 
a  minor  decrease  is  generally  observed  in  the  load  transfer  efficiency  over  the 
duration  of  the  testing  for  edge  and  comer  load  points.  Only  the  comer  load  point  at 
the  South  Run-Up  location  (Figure  9.28)  and  the  edge  load  point  at  the  Taxiway  A6 
location  differed,  exhibiting  significant  downward  trends.  These  observations 
coincide  with  previous  observations  of  a  lower  stiffness  profile  at  both  the  Taxiway 
A6  and  South  Run-Up  locations.  Local  effects  due  to  variations  in  the  pavement 
system  (particularly  supporting  subgrade)  may  have  played  a  role,  with  these  two 
points  degrading  more  significantly  than  the  other  test  points  at  their  respective 
location. 

Figures  9.23  and  9.28  are  the  only  plots  with  obvious  errant  data  points  which 
were  removed.  Figure  9.23  illustrates  the  center  load  point  for  the  North  Run-Up, 
where  the  first  loading  group  for  Years  1-5  contain  significant  scatter  as  compared  to 
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any  other  load  groupings.  This  skewed  the  load  transfer  efficiency  measurements 
which  are  a  result  of  the  second  accelerometer  readings.  Figure  8.9  illustrates  that  the 
first  accelerometer  gave  reasonable  values  for  measured  deflections.  These  outlying 
data  points  may  be  attributed  to  a  system  error  in  accelerometer  readings.  The  error 
was  rectified  as  seen  by  consistent  data  produced  over  the  remaining  160,000-plus 
applications.  Figure  9.28  illustrates  the  comer  load  point  for  the  South  Run-Up.  This 
plot  contained  a  single  errant  data  point,  the  first  point  of  the  third  load  group  in  the 
last  five-year  increment.  Since  this  single  point  occurred  at  the  onset  of  the  third  load 
group  application,  this  error  can  be  attributed  to  fluctuations  in  the  load  cell  during 
the  beginning  of  the  last  load  level.  Variations  are  more  likely  to  occur  with 
equipment  directly  following  a  load  level  increase. 
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Figure  9.23  -  Load  Transfer  with  Applications:  North  Run-Up  -  Center  Load 

Point 
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Load/Accelerometer  Configuration 


Figure  9.24  -  Load  Transfer  with  Applications:  North  Run-Up  -  Edge  Load 
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Figure  9.25  -  Load  Transfer  with  Applications:  North  Run-Up  -  Corner  Load 

Point 
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Load  Transfer  Efficiency  (%) 
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Figure  9.26  -  Load  Transfer  with  Applications:  South  Run-Up  -  Center  Load 

Point 
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Figure  9.27  -  Load  Transfer  with  Applications:  South  Run-Up  -  Edge  Load 

Point 
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ic  -  One  data  point  was  removed  from  the  third  loading  of  the  last  five-year  increment. 
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9.28  -  Load  Transfer  with  Applications:  South  Run-Up  -  Corner  Load 

Point 


Load/Accelerometer  Configuration 


Figure  9.29  -  Load  Transfer  with  Applications:  Taxiway  A6  -  Center  Load 

Point 
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Load  Transfer  Efficiency  (%) 


Load/Accelerometer  Configuration 


Figure  9.30  -  Load  Transfer  with  Applications:  Taxiway  A6  -  Edge  Load  Point 


Load/Accelerometer  Configuration 


Figure  9.31  -  Load  Transfer  with  Applications:  Taxiway  A6  -  Corner  Load 

Point 
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The  observed  increase  in  load  transfer  efficiency  with  load  level  seen 
predominantly  in  the  South  Run-Up  and  Taxiway  A6  locations,  is  believed  to  be 
caused  a  subsurface  mechanism  at  the  joint.  The  larger  deflections  imparted  by  these 
larger  load  levels  engaged  the  load  transfer  mechanism  more  efficiently.  That  is  to 
say,  there  is  an  apparent  movement  which  is  generated  at  lower  load  levels  at  these 
locations.  Once  the  heavier  load  is  applied,  this  “free  movement”  is  surpassed 
causing  engagement  of  a  load  transfer  mechanism.  Since  this  is  seen  at  only  the 
South  Run-Up  and  Taxiway  A6  locations,  this  phenomenon  may  be  attributed  to 
areas  with  weaker  support  within  the  pavement  system. 

Figure  9.32  pertains  to  the  supplemental  testing  performed  at  the  final  test  point 
(North  Run-Up  corner  loading).  It  has  been  included  to  illustrate  the  minor  trend  of 
slight  degradation  of  load  transfer  over  the  course  of  loading.  As  seen  in  the  figure, 
load  transfer  efficiency  continues  to  degrade  at  a  deliberate  pace.  This  trend, 
although  expected,  is  extremely  minor  over  the  20-year  equivalent  cycle  and  is  not 
indicative  of  problematic  pavement  response. 
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Figure  9.32  -  Supplemental  Load  Transfer  Testing:  North  Run-Up  -  Corner 

Load  Point 
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In  focusing  on  the  edge  load  point,  a  comparison  of  the  overall  decrease  in  load 
transfer  at  each  location  is  presented  in  Figures  9.24,  9.27,  and  9.30.  As  mentioned 
before,  this  is  the  critical  loading  scenario  in  examining  fatigue  under  stress  in  rigid 
pavements  due  to  the  direct  loading/unloading  caused  by  the  aircraft  traffic.  The 
decrease  in  load  transfer  was  determined  by  averaging  values  for  load  transfer  during 
the  first  (Years  1-5)  and  last  (Years  16-20)  equivalent  test  increments.  Table  9.4 
presents  these  average  values,  illustrating  a  slight  decrease  at  the  South  and  North 
Run-Up  with  Taxiway  A6  once  again  experiencing  a  more  significant  decrease. 


Table  9.4  -  Decrease  in  Load  Transfer  over  Duration  of  Testing 


Location 

Average  Load  Transfer  Efficiency  (%) 

Years  1-5 

Years  16-20 

Taxiway  A6 

76 

62 

South  Run-Up 

81 

78 

North  Run-Up 

71 

69 

Variation  of  Load  Transfer  Efficiency  with  Load  Level 

Figures  9.33  through  9.41  illustrate  average  load  transfer  efficiency  per  five-year 
loading  period  with  respect  to  load  for  each  load  point.  In  general  terms,  load  transfer 
efficiency  is  nearly  independent  of  load  level  except  for  the  comer  data  for  the  South 
Run-Up  (Figure  9.38)  and  the  edge  and  comer  data  for  Taxiway  A6  (Figure  9.40  and 
Figure  9.41).  As  mentioned  before,  an  internal  mechanism  within  the  joint  may  have 
allowed  for  degradation  in  deflection  (less  load  transfer)  to  occur  under  lighter  loads, 
while  engaging  under  heavier  loads  giving  the  appearance  of  improved  load  transfer 
efficiency  with  load  level.  No  significant  degradation  was  observed  over  the  course 
of  the  five-year  loading  increments  for  a  given  load  at  the  North  Run-Up  (Figures 
9.33  through  9.35).  However,  the  South  Run-Up  comer  load  point  (Figure  9.38)  and 
Taxiway  A6  edge  load  point  (Figure  9.40)  exhibited  measurable  degradation  for  a 
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given  load.  Particularly  the  Figures  9.38  and  9.40  exhibit  a  significant  decrease  over 
load  transfer  efficiency  when  analyzing  the  data  across  the  five-year  incremental 
testing,  at  a  given  load  level.  An  outlying  data  point  was  removed  from  Figure  9.33. 
This  is  a  result  of  errant  readings  from  accelerometer  #2,  the  same  occurrence  as 
described  previously  for  Figure  9.23. 
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it  -  There  were  problems  with  some  initial  measurements  and  the  data  point  for  the  first  load 
group  for  Years  1-5  was  removed. 
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Figure  9.33  -  Average  Load  Transfer  Efficiency  per  Five-Year  Load  Period  with 
Load  Level:  North  Run-Up  -  Center  Load  Point 
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Load/Accelerometer  Configuration 
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Figure  9.34  -  Average  Load  Transfer  Efficiency  per  Five-Year  Load  Period  with 
Load  Level:  North  Run-Up  -  Edge  Load  Point 
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Figure  9.35  -  Average  Load  Transfer  Efficiency  per  Five  Year  Load  Period  with 
Load  Level:  North  Run-Up  -  Corner  Load  Point 
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Load/Accelerometer  Configuration 
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Figure  9.36  -  Average  Load  Transfer  Efficiency  per  Five-Year  Load  Period  with 
Load  Level:  South  Run-Up  -  Center  Load  Point 
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Figure  9.37  -  Average  Load  Transfer  Efficiency  per  Five-Year  Load  Period  with 
Load  Level:  South  Run-Up  -  Edge  Load  Point 
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Average  Load  Transfer  Efficiency  per  5  Years  (%) 


Load/Accelerometer  Configuration 
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Figure  9.38  -  Average  Load  Transfer  Efficiency  per  Five-Year  Load  Period  with 
Load  Level:  South  Run-Up  -  Corner  Load  Point 
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Figure  9.39  -  Average  Load  Transfer  Efficiency  per  Five-Year  Load  Period  with 
Load  Level:  Taxiway  A6  -  Center  Load  Point 
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Load/Accelerometer  Configuration 
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Figure  9.40  -  Average  Load  Transfer  Efficiency  per  Five-Year  Load  Period  with 
Load  Level:  Taxiway  A6  -  Edge  Load  Point 
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Figure  9.41  -  Average  Load  Transfer  Efficiency  per  Five-Year  Load  Period  with 
Load  Level:  Taxiway  A6  -  Corner  Load  Point 
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In  addition  to  examining  the  average  load  transfer  efficiency  with  load  level  at 
the  nine  test  points,  two  supplementary  cases  are  presented  for  further  analysis.  As 
mentioned  in  Section  8.3,  two  additional  accelerometers  were  installed  over  the 
longitudinal  joint  on  the  final  test  point  at  the  North  Run-Up  comer  loading.  Section 
8.2.2  and  Figure  8.1  specifically  illustrates  the  location  and  dimensions  of  the 
accelerometer,  joint,  load  point,  and  load  frame  configurations.  As  with  all  plots 
presented  thus  far,  a  smaller  version  of  the  load/accelerometer  configuration  has  been 
included  in  Figure  9.42  for  reader  orientation.  This  setup  enabled  data  collection  for 
load  transfer  efficiency  for  the  longitudinal  and  transverse  joint.  In  comparing  Figure 
9.35  with  Figure  9.42,  the  observation  is  made  that  the  longitudinal  joint  performed 
much  better  yielding  load  transfer  efficiency  on  the  order  of  10%  greater.  From  the 
as-builts,  this  longitudinal  joint  is  shown  to  be  keyed  or  tied,  whereas  the  transverse 
joint  was  believed  to  be  a  dummy  joint  (no  load  transfer  mechanism).  The  load 
transfer  efficiency  values  produced  support  the  expected  performance  of  the  two 
joints. 

Data  from  the  supplemental  test  period  at  the  final  location  at  the  comer  load 
point  of  the  North  Run-Up  is  presented  to  examine  load  transfer  efficiency  at  the 
higher  supplemental  loading.  Figure  9.43  illustrates  the  supplemental  loading,  adding 
the  average  load  transfer  efficiency  data  point  to  the  data  from  the  North  Run-Up 
comer  load  point  (Figure  9.35).  A  slight  decrease,  on  the  order  of  2%,  is  observed  in 
comparison  with  the  load  transfer  efficiency  from  the  third  load  group.  This  marginal 
decrease  may  be  a  result  of  the  culmination  of  degradation  over  the  course  of  the 
entire  test  at  the  comer  point. 
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Load/Accelerometer  Configuration 
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Figure  9.42  -  Average  Load  Transfer  Efficiency  per  Five  Years  with  Load  Level 
Longitudinal  Joint  at  North  Run-Up  -  Corner  Load  Point 
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Figure  9.43  -  Average  Load  Transfer  Efficiency  per  Five  Years  with  Load  Level 
Supplemental  Testing  at  North  Run-Up  -  Corner  Load  Point 
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9.4  Summary 

In  this  chapter,  further  analysis  of  the  observed  trends  in  SDD  SAP  field 
measurements  are  presented.  The  test  results  support  the  consequential  roles  both 
external  conditions  (temperatures  and  precipitation)  and  internal  conditions 
(pavement  composition  and  subgrade)  have  played  in  the  observed  pavement 
response.  Temperature  (expansion  and  curling  of  slabs)  and  precipitation  (expansive 
clay  in  subgrade)  may  have  played  a  significant  role  in  the  response  at  the  joints, 
increasing  the  observed  load  transfer  efficiency  by  counteracting  any  degradation  of 
load  transfer,  with  the  total  number  of  load  applications  that  the  pavement  may  have 
experienced.  Both  deflection  measurements  and  load  transfer  efficiencies  resulting 
from  the  SDD  SAP  testing  have  been  presented  to  assess  the  current  state  of  response 
of  the  pavement.  Measured  deflections  with  increasing  load  levels  exhibited  an 
approximate  linear  trend,  with  nonlinearity  being  a  second  order  effect.  The 
nonlinear  effect  was  more  readily  seen  when  deflections  were  normalized  and  viewed 
with  both  load  level  and  number  of  load  applications.  An  increase  was  observed  for 
average  normalized  deflections  over  time  for  all  locations  with  Taxiway  A6 
exhibiting  the  highest  increase;  as  normalized  deflection  for  a  specific  load  grouping 
increased  from  the  first  five-year  increment  to  the  last  five-year  increment.  A  slight 
decrease  in  load  transfer  efficiency  was  noted  with  number  of  load  applications. 
Higher  load  levels  exhibited  higher  load  transfer  efficiency,  inferring  free  movement 
until  a  load  transfer  mechanism  took  effect.  Degradation  in  the  load  transfer 
efficiency  was  particularly  noted  at  the  South  Run-Up  comer  load  point  and  Taxiway 
A6  edge  load  point.  In  general,  these  trends  supported  the  previous  findings  in 
Chapter  8  stating  that  the  North  Run-Up  exhibited  a  higher  stiffness  of  the  pavement 
system  than  South  Run-Up  and  Taxiway  A6.  Once  more,  although  the  investigated 
locations  provided  data  specific  to  the  area  tested,  the  similarity  in  composition,  age, 
and  construction  standards  of  the  selected  test  locations  make  observed 
measurements,  conclusions,  and  assessments  applicable  to  the  rigid  airfield  pavement 
system,  typical  to  Runway  16/34. 
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Chapter  10  -  Conclusions 


10.1  Introduction 

This  study  involves  the  field  of  super-accelerated  pavement  (SAP)  testing.  It 
is  the  first  of  its  kind  to  be  conducted  on  an  in-service  rigid  airfield  pavement.  The 
majority  of  APT  to  date  has  been  performed  on  controlled  pavement  test  sections. 
This  is  the  first  usage  of  SDD  SAP  testing  to  perform  full-scale  rigid  pavement 
analysis  of  an  in-service  pavement.  The  following  chapter  analyzes  the  results  of  this 
testing  process  and  makes  a  final  assessment  on  the  remaining  life  of  Runway  16/34 
at  Meacham  Airport.  Future  testing  and  research  is  discussed,  along  with  its 
significance,  and  final  recommendations  are  formulated. 

10.2  Final  Assessment 

The  principle  goal  at  the  outset  of  this  research  was  to  provide  a  means  of 
testing  Runway  16/34  in  order  to  make  an  assessment  on  the  remaining  life  of  the 
rigid  airfield  pavement.  Actual  airport  traffic  data  was  provided  by  the  FAA  to 
facilitate  development  of  a  traffic  model.  This  model  enabled  determination  of  a 
testing  scenario  which  imparted  an  equivalent  of  20  years  of  future  traffic 
applications  over  the  duration  of  a  short  testing  period.  SDD  SAP  testing  was 
selected  due  to  its  capability  to  perform  a  large  number  of  applications  over  a 
relatively  short  period  of  time,  which  resulted  in  less  than  three  hours  of  actual 
equipment  operation  time  per  test  point. 

The  test  pavements  performed  well,  with  no  manifestations  of  cracking 
observed  over  the  course  of  the  entire  test  program,  including  the  nine  separate  test 
points  on  three  different  test  slabs.  Prior  to  test  completion,  the  research  team  had 
anticipated  the  occurrence  of  visible  signs  of  distress  or  the  detection  of  a  distinct 
failure  mechanism  at  a  given  point  in  time.  This  point  in  time  would  reflect  failure  at 
an  equivalent  year  and  ultimately  the  remaining  life  of  the  pavement.  In  the  end, 
neither  a  visible  sign  of  failure  nor  a  distinct  failure  trend  within  the  field 
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measurements  occurred.  The  pavement  structure  exhibited  typical  deflection  trends 
and  limited  pavement  system  degradation,  even  after  experiencing  very  large 
deflections  on  the  order  of  20  to  25  mils.  The  pavement  endured  the  entire  loading 
scenario,  making  the  results  of  this  research  favorable  in  terms  of  an  expected 
remaining  life,  which  is  predicted  to  be  considerably  longer  than  the  20-year 
equivalent  loading  period  (assuming  all  critical  loading  conditions  were  properly 
accounted  for  in  these  SAP  results). 

General  trends  were  observed  for  both  deflection  measurements  and  load 
transfer  efficiency  computations.  Deflections  increased  with  increased  load  levels. 
An  approximate  linear  relationship  was  observed  for  deflections  with  load  level.  This 
relationship  supports  previous  findings  by  Dong  and  Hayhoe  (2002),  which  were 
produced  at  an  FAA  instrumented  test  site  at  Denver  International  Airport  (DIA). 
Through  testing  with  a  Heavy  Weight  Deflectometer  (the  heavier  version  of  the 
FWD),  the  same  linear  relationship  was  seen  over  varying  load  levels  at  both  interior 
(center)  and  edge  loading  scenarios.  HWD  testing  was  conducted  at  varying  loads  up 
to  55.5  kips,  with  deflections  varying  from  6.0  to  6.2  mils  at  the  center  of  the  slab  and 
9.1  to  13.0  mils  at  the  edge.  These  data  exhibited  the  same  trends  produced  by  SDD 
SAP  testing  and  are  comparable  to  the  SDD  SAP  results,  given  the  more  robust 
pavement  system  at  DIA.  The  advantage  of  SDD  SAP  testing  over  HWD  testing  is 
the  capability  of  evaluating  fatigue  over  a  period  of  time.  The  HWD  is  a  discrete  test 
method,  capable  of  delivering  only  a  limited  number  of  load  repetitions. 

Load  transfer  efficiency  demonstrated  a  decreasing  trend  over  the  total 
number  of  applications.  Trends  noticed  between  center,  edge,  and  comer  test 
scenarios  fell  within  the  expectations,  with  edge  and  comer  testing  experiencing 
greater  deflections.  Taxiway  A6  and  the  South  Run-Up  exhibited  a  less  stiff 
pavement  system  response  than  the  North  Run-Up  location. 

The  overall  observed  performance  of  the  pavement  system  was  anticipated, 
given  the  predicted  traffic  loads  experienced  by  each  of  the  three  test  slab  locations. 
Although  comparisons  between  the  RDD  deflection  profiles  of  Runway  16/34  and  the 
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candidate  test  slab  were  used  to  select  the  test  locations,  in  general,  the  less  trafficked 
test  locations  exhibited  smaller  deflections  and  less  load  transfer  degradation  than  the 
more  trafficked  locations.  At  this  point,  a  direct  comparison  can  only  be  based  on 
RDD  profiling  data.  Most  likely,  the  actual  runway  exhibits  somewhat  greater  trends 
than  those  of  the  outside  test  locations  (i.e.  increased  deflection  and  decreased  load 
transfer  efficiency).  Given  the  more  than  adequate  response  of  the  pavement  system 
at  the  test  points,  the  anticipated  field  performance  of  the  actual  runway  would  still  be 
within  an  acceptable  limit,  likewise  demonstrating  a  significant  remaining  life.  This 
supposition  is  based  solely  on  similarity  in  distress  conditions  and  deflection  profile 
between  the  test  points  and  actual  Runway  16/34. 

10.2.1  Further  Confirmation  of  SDD  SAP  Results 

In  order  to  further  validate  the  reported  findings,  a  number  of  finite  element 

programs  were  employed  to  determine  expected  deflections  and  allowable  load 
repetitions  given  conditions  similar  to  the  field.  Prior  iterations  conducted  in  EverFE 
(see  Section  5.4)  were  reexamined  for  additional  information  on  estimated 
deflections.  A  simulation  of  a  sample  aircraft,  the  British  Aerospace  (BAe)  146  with 
a  single  rear  gear  load  of  approximately  38.4  kips,  was  applied  via  a  two-wheel  load 
frame  configuration  to  a  similar  pavement  system.  The  original  purpose  of  the 
simulation  was  to  ensure  comparable  stresses  induced  by  both  an  actual  aircraft  gear 
configuration  and  the  load  of  that  aircraft  applied  over  the  load  frame,  as  described  in 
Appendix  E.  As  well  as  providing  stress  distribution  over  the  slab,  EverFE  also 
calculates  maximum  deflection  under  loading.  A  comparison  of  field  deflections  to 
those  forecasted  by  EverFE  could  further  support  the  measured  results.  In  addition  to 
EverFE,  an  alternate  computer  simulation,  Finite  Element  Analysis  FAA  (FEAFAA), 
was  employed  using  the  same  analysis  presented  in  Appendix  E.  FEAFAA  produced 
expected  deflections  for  the  same  aircraft  model,  the  BAe  146.  Table  10.1 
summarizes  deflection  data  for  an  edge  loading  equivalent  to  a  BAe  146.  Field 
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testing  equivalent  deflection  values  were  obtained  through  extrapolation  of  the  edge 
loading  scenarios  presented  in  Section  9.2.1  (Figures  9.2,  9.5,  and  9.8). 


Table  10.1  -  Deflection  Data  Comparison  for  BAe  146  (Edge  Loading) 


Computer  Simulations 

Field  Testing  (Extrapolated) 

EverFE 

FEAFAA 

Taxiway  A6 

South 

Run-Up 

North 

Run-Up 

Load 

40  kips 
(BAe  146) 

BAe  146 

38.4  kips 
(BAe  146) 

38.4  kips 
(BAe  146) 

38.4  kips 
(BAe  146) 

Deflection 

23.0  mils 

18.6  mils 

2 1 .4  mils 

21.3  mils 

8.0  mils 

Table  10.1  illustrates  the  similar  deflections  between  what  was  measured  in 
the  field  and  what  was  expected  via  simulation.  Any  difference  in  the  deflection 
values  observed  in  Table  10.1  could  be  attributed  to  the  nature  of  the  finite  element 
program  and  the  material  parameters  assumed  for  the  simulation.  As  mentioned 
before,  finite  element  programs  have  inherent  limitations  associated  with  meshing 
techniques  and  assumed  parameters.  The  considerably  low  values  for  the  North  Run- 
Up  location  correspond  to  the  stiffer  pavement  profile  observed,  and  could  be  result 
of  subgrade  conditions.  The  light  traffic  experienced  at  the  North  Run-Up  not  likely 
the  cause,  since  finite  element  programs  do  not  account  for  fatigue  accumulation  and 
therefore  a  simulated  slab  is  considered  newly  constructed  (no  prior  traffic). 

In  addition  to  comparison  of  actual  field  values  with  expected  deflection 
values,  a  comparison  of  actual  number  of  loads  induced  with  estimated  allowable 
loads  could  further  support  the  field  observations  and  subsequent  conclusions 
regarding  pavement  life.  Pavement-Transportation  Computer  Assisted  Structural 
Engineering  (PCASE)  is  a  robust  program  developed  as  a  tri-service  effort  of  the 
United  States  Army,  Air  Force,  and  Navy.  The  process  of  utilizing  this  tool  for 
analysis  and  associated  program  assumptions  are  presented  in  Appendix  L.  Table 
10.2  summarizes  the  findings  of  the  analysis.  Selected  aircraft  representative  of  the 
three -tiered  loading  scenario  are  presented  below  with  allowable  passes.  An 
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additional  aircraft  (Boeing  747)  loading  was  selected  to  model  infrequent  heavy  loads 
on  Runway  16/34.  Although  these  loads  are  represented  in  the  testing  by  additional 
repetitions  in  the  third  load  group,  analysis  of  the  actual  loading  of  pavement  and 
subsequent  allowable  passes  further  validated  the  testing  process. 


Table  10.2  -  Comparison  of  Tested  Load  Repetitions  to  Allowable  Passes 


Aircraft  Model 

Load  Group 
Equivalent 

Tested  Repetitions 
(20-Year  Period) 

Allowable 

Passes 

BAe  Jetstream  T  MK3 

No.  1  (7.1  kips) 

106,400 

Unlimited 

DHC  Dash  7 

No.  2  (15.9  kips) 

48,400 

54,787,614 

BAe  146 

No.  3  (31.6  kips) 

41,600 

70,905 

Boeing  747-400 

-  -  none  -  - 

-  -  none  -  - 

1,114 

Calculated  allowable  passes  support  the  favorable  results  noted  with  regard  to 
remaining  life  of  Runway  16/34.  The  analysis  conducted  in  PCASE  does  not  account 
for  previous  loads  on  the  runway,  other  than  through  assumptions  of  material 
parameters  equivalent  to  actual  field  conditions.  Notwithstanding  this  fact,  the 
allowable  passes  were  far  in  excess  of  the  sum  of  traffic  experienced  over  the  past  20 
years  and  traffic  expected  over  the  next  20  years.  The  only  exception  is  the 
equivalent  third  group  loading  (BAe  146),  which  shows  that  the  allowable  passes  will 
be  compromised  at  some  time  towards  the  end  of  the  next  20  years,  assuming  the 
actual  traffic  pattern  remains  consistent  with  the  estimated  traffic  pattern.  It  should 
be  noted  that  the  calculated  allowable  passes  takes  into  account  pass-to-coverage 
ratio,  which  equates  number  of  operations  to  actual  loading  experienced  at  a  given 
point.  In  addition,  calculation  of  allowable  passes  is  stochastically  based  and 
therefore  should  be  heavily  scrutinized  when  applied  to  a  specific  in-service 
pavement. 
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1 0.3  FUTURE  TESTING  AND  RESEARCH 

The  scope  and  size  of  this  project  placed  limitations  on  the  scale  of  the  study 

conducted  at  Meacham  Airport.  Three  slabs  were  tested  at  each  of  three  load  points 
for  a  total  of  nine  test  points.  This  testing  provided  an  extensive  amount  of 
information  on  the  response  to  loading  of  the  three  tested  slabs.  Ideally,  additional 
test  points  could  be  selected  and  tested  in  the  future  to  build  a  more  robust  set  of  data 
pertaining  to  the  airfield.  There  is  extensive  variability  associated  with  a  pavement 
system,  including  the  variance  in  mixture  and  construction  techniques  in  constructing 
the  concrete  pavement,  the  variability  and  potential  irregularities  associated  with  the 
subgrade  (compaction,  settlement,  water  content),  and  the  variability  in  realized  loads 
and  usage  at  a  potential  test  point.  By  increasing  the  amount  of  test  points  and 
potential  data,  a  corresponding  decrease  in  data  variability  will  occur. 

Increasing  the  data  set  for  SDD  SAP  testing  conducted  under  this  research 
would  also  assist  in  localizing  trends.  Additional  test  slabs  selected  at  different 
locations  would  help  to  develop  a  deflection  trend  pattern  for  the  entire  airfield  area, 
determining  whether  certain  trends  are  localized  to  specific  areas  or  establish 
prominence  over  the  entire  airfield.  A  broader  study  could  also  assist  in  determining 
the  extent  of  localization  of  trends  and  in  corroborating  or  refuting  evidence 
discovered  within  this  study,  such  as  expected  traffic  patterns  and  its  governance  on 
determining  deflection  trends. 

Additional  testing  could  also  benefit  load  transfer  and  joint  analysis.  Load 
transfer  was  strictly  examined  from  the  upstream  orientation  for  all  cases. 
Conducting  additional  edge  load  testing  on  the  adjacent  slab  to  determine  load 
transfer  over  the  original  slab,  often  referred  to  as  downstream,  would  help  to 
corroborate  or  refute  load  transfer  trends.  Often,  crack  propagation  under  a  control 
joint  will  not  propagate  directly  to  the  subgrade.  This  non-verticality  of  cracking 
causes  one  side  to  support  the  other  more  than  the  subsequent  reverse  condition.  As  a 
result  one  slab  essentially  rests  on  the  other.  If  the  under  cutting  slab  is  loaded,  joint 
transfer  is  less  effective;  conversely  if  the  superseding  slab  is  loaded  additional 
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support  may  provide  the  appearance  of  a  more  effective  load  transfer  condition.  The 
end  result  is  an  asymmetrical  load  transfer  condition.  Additional  edge  testing  could 
determine  if  any  asymmetrical  conditions  existed  at  the  test  locations. 

In  addition  to  the  variability  mentioned  earlier  in  this  section,  a  parametric 
field  study  could  be  accomplished  by  adjusting  for  various  environmental  conditions. 
The  period  of  time  under  which  this  research  was  conducted  was  relatively  high  in 
precipitation,  extremely  warm,  with  testing  conducted  during  the  daylight  hours.  The 
concrete  was  under  a  large  temperature  gradient  with  the  surface  experiencing 
extremely  high  temperatures.  This  condition  could  have  created  a  positive  curling 
effect  which  could  play  an  important  role  in  the  observed  deflection  response, 
establishing  additional  tensile  stresses  on  the  bottom  of  the  concrete  slab.  The 
precipitation  certainly  affected  the  highly  expansive  Denton  Clay  subgrade.  The 
thermal  expansion  could  have  played  a  role  in  the  load  transfer  efficiency  observed. 
To  better  understand  and  comprehend  the  controlling  mechanisms  within  this  testing, 
varying  these  parameters  and  completing  additional  test  points  would  be  constructive 
and  beneficial.  The  most  straightforward  adaptation  in  testing  would  be  to  repeat  the 
previous  testing  on  the  same  test  slabs  during  cold  winter  months.  The  drastically 
lower  temperatures  will  play  a  significant  role  in  load  transfer  and  potentially  provide 
downward  curling  conditions,  establishing  additional  tensile  stresses  on  the  top  of  the 
concrete  slab.  Other  tests  have  noted  the  contraction  experienced  by  concrete  under 
cooler  temperatures  with  pavement  systems  exhibiting  much  lower  load  transfer 
during  the  winter  months  (Dong  and  Hayhoe,  2002). 

Testing  directly  after  a  period  of  low  precipitation  would  also  be 
advantageous,  enabling  a  better  understanding  of  the  expansive  qualities  of  the 
geologic  setting  of  the  airfield.  Unfortunately,  controlling  this  parameter  is  extremely 
difficult  if  not  impractical.  Test  conditions  are  often  reliant  on  the  time  period 
(season)  under  which  the  study  is  funded  and  the  specific  time  period  under  which 
field  testing  can  be  scheduled,  as  was  the  case  with  support  originating  from  end-of- 
year  funds  for  this  study,  which  required  immediate  allocation  and  expenditure. 
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Again,  SDD  SAP  testing  is  a  new  capability  for  the  RDD/SDD  vehicle.  Due  to  the 
newness  of  the  technique  and  the  necessity  to  observe  testing  for  visual  signs  of 
distress,  nighttime  operations  are  not  recommended  at  this  time.  As  methods  are 
improved  and  personnel  become  more  experienced,  nighttime  operations  could  be 
introduced  to  better  understand  changes  in  response  which  may  occur  to  the  airfield 
within  a  24-hour  period. 

At  the  end  of  the  SDD  SAP  testing  conducted  at  Meacham  Airport,  a 
supplemental  test  period  commenced  for  one  hour.  As  mentioned  in  Section  8.4,  this 
period  of  testing  was  an  attempt  to  push  the  load  limit  to  the  highest  attainable  and 
equipment-capable  load.  The  testing  resulted  in  a  40-kip  peak-to-peak  maximum 
dynamic  load.  Future  tests  should  attempt  to  surpass  the  maximum  load  tested  under 
this  study.  In  addition,  selection  of  the  additional  test  locations  would  enable  a 
worse-case  scenario  selection,  which  was  not  attained  in  this  work.  If  failure  is 
reached  in  future  tests,  computations  can  be  made  to  determine  equivalent  traffic 
loading  to  cause  failure,  effectively  determining  remaining  life  of  pavement  system 
and  maximum  allowable  loads. 

Along  with  variations  in  testing,  further  investigations  of  field  conditions  and 
pavement  structure  could  be  completed  for  comparative  analysis.  A  soil  survey  has 
yet  to  be  conducted  since  the  advent  of  RDD  deflection  profiling  and  SDD  SAP 
testing  at  Meacham  Airport.  A  complete  analysis  of  the  in  situ  soil  conditions  and 
laboratory  tests  could  bring  additional  validity  and  support  to  prior  studies.  In 
addition,  pulling  concrete  cores  for  a  full-scale  laboratory  analysis  would  provide 
specific  strength  data  for  the  PCC  in  the  runway  pavement  system.  It  would  also 
enable  quantification  of  load  repetitions  to  failure  from  laboratory  stress  ratio 
determinations. 

With  supplemental  testing  and  more  extensive  investigations  at  Meacham 
Airport,  further  examination  and  analysis  of  existing  data  could  provide  added  insight 
into  the  current  status  and  future  response  of  the  airfield.  Due  to  the  current  limited 
scope  of  this  research,  a  more  earnest  investigation  through  future  allocation  of 
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manpower  for  analysis  could  pay  dividends  in  not  only  determining  status  of  the 
Runway  16/34  at  Meacham  Airport,  but  also  in  fully  realizing  the  capabilities  of  the 
SDD  SAP  testing  method  and  analysis.  Further  in-depth  analysis  of  the  linear 
relationship  of  deflection  with  loading  could  provide  insight  into  the  specific 
parameters  and  properties  of  the  rigid  pavement  system.  A  complete  assessment  of  in 
situ  constraints  and  parameters  of  in-service  pavements  have  never  been  achieved 
solely  through  SAP  testing.  Numerous  versions  of  pavement  design  and  analysis 
software  exist  that  produce  expected  deflections  under  given  loads.  Through 
development  of  a  backcalculation  capability,  either  manual  backcalculation  or 
program  rewrite,  parameters  that  are  normally  defined  or  assumed  could  be 
determined  from  measured  deflection  data.  This  would  enable  a  more  accurate 
determination  of  in-service  pavement  properties  never  before  attainable.  It  will  be 
important  to  scrutinize  the  methodology  of  any  program  employed  to  determine  the 
validity  of  the  backcalculation  approach.  A  program  is  often  limited  to  the  stochastic 
and/or  mechanical  foundation  upon  which  it  established. 


10.4  Conclusions  and  Recommendations 

The  goal  at  the  outset  of  this  research  project  was  to  produce  a  practical  and 

reliable  prediction  of  remaining  life  of  the  pavement  on  Runway  16/34  at  Fort  Worth 
Meacham  International  Airport.  Since  an  ultimate  failure  was  not  observed,  a 
correlation  to  a  quantifiable  length  in  time  of  remaining  life  was  unattainable. 
However,  given  the  excellent  response  of  all  three  test  slabs  to  the  20-year  loading 
equivalence,  some  broad  conclusions  can  be  made.  Concerns  had  existed  on  whether 
the  current  condition  of  Runway  16/34  would  support  multiple  future  years  of  traffic. 
This  study  showed  that  the  pavement  sustained  the  next  20  years  of  equivalent 
loading  without  failure.  Given  the  performance  of  the  three  independent  test  slabs  of 
comparable  composition  to  Runway  16/34  (with  varying  subgrade  conditions),  it  can 
be  assumed  that  Runway  16/34  would  perform  similarly  over  the  next  20  years  of 
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load  applications,  notwithstanding  the  effects  of  time  (deterioration)  and  all  other 
parameters  remaining  constant  (environmental  conditions  and  traffic).  Given  these 
constraints,  the  results  of  the  analysis,  and  unpredictable  future  environmental 
conditions,  a  reevaluation  should  be  made  at  a  designated  time  in  the  future  (on  the 
order  of  five  years).  Once  again,  it  should  be  noted  that  the  testing  presented  herein 
only  supports  findings  on  fatigue  distress  and  load  transfer  in  concrete.  A  full-scale 
runway  is  a  superstructure  that  must  be  monitored  frequently  to  determine  all  areas  of 
potential  concern.  The  research  presented  did  not  include  a  full-scale  survey  and 
analysis  of  current  runway  conditions.  Additional  causes  of  distress  and  potential 
compromise  of  pavement  integrity  need  to  be  addressed  separately,  such  as  surface 
distress  and  surface  roughness.  Conclusions  have  not  addressed  these  potential 
causes  of  distress  and  their  respective  effect  on  remaining  life. 

As  mentioned  in  the  previous  section,  there  are  many  potential  opportunities 
for  future  testing  and  research  in  the  development  of  SDD  SAP  testing.  As 
opportunities  arise,  the  capability  and  viability  of  the  SDD  SAP  testing  method  will 
continue  to  advance  the  field  of  APT.  It  is  important  that  the  future  testing  build  on 
the  trends  and  response  discovered  in  this  analysis.  As  future  research  endeavors 
allow,  additional  testing  at  Meacham  Airport  will  build  on  this  foundation.  It  is 
important  that  the  large  volume  of  data  produced  under  this  research  not  fall  to  the 
wayside.  Through  allocation  of  future  resources,  a  more  in-depth  analysis  and  deeper 
examination  into  the  response  of  this  pavement  could  be  achieved. 

10.5  Summary 

This  chapter  has  addressed  the  final  assessment  and  fundamental  conclusions 
of  this  research.  Two  principal  findings  were  produced  in  this  study.  First,  a  lack  of 
crack  propagation  or  ultimate  failure  was  observed  for  the  duration  of  the  SDD  SAP 
testing.  Second,  an  overall  excellent  response  to  SDD  SAP  testing,  by  three 
independent  test  slabs,  supported  a  relatively  sufficient  remaining  life.  The  variable 
nature  of  pavement  systems  coupled  with  the  indeterminate  future  effects  of  outside 
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sources  of  distress  makes  quantifying  a  specific  remaining  life  impractical.  Future 
testing  and  research  opportunities  have  been  presented  for  further  development  of  this 
research  and  the  SDD  SAP  method. 
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Appendix  A  -  Sample  Meacham  Airport  Traffic  Data 


TxDOT  Aviation  Division  obtained  a  complete  set  of  traffic  data  for  the  6.5 
years  prior  to  the  testing  and  analysis  conducted  herein.  These  data  included  every 
takeoff  and  landing  operation  conducted  at  Meacham  Airport  from  the  date  starting  1 
January  1998  and  ending  31  May  2004.  This  information  includes  aircraft  type,  class, 
and  model.  In  addition,  precise  takeoff  and  landing  information  included 
departure/arrival  time  and  location.  Figure  A1  and  Figure  A2  provide  a  sample  of  the 
traffic  data  used  to  develop  the  traffic  model  representative  of  the  next  20-year  period 
of  operations. 
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Figure  A1  -  Sample  Traffic  -  January  1998 
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Figure  A1  -  Sample  Traffic  -  May  2004 
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Appendix  B  -  Summary  of  Analysis  of  Two- Wheel  Versus  Three- 
Wheel  Load  Frame  Configuration 


The  3D  finite  element  analysis  tool,  EverFE,  was  employed  to  determine 
stresses  induced  by  either  a  two-wheel  or  three-wheel  configuration.  Since  a  dry  run 
test  of  the  different  load  frame  configurations  could  not  be  carried  out  until  field  work 
commenced,  it  was  imperative  to  determine  load  grouping  equivalents  for  both  two- 
wheel  and  three-wheel  cases  to  be  prepared  for  use  of  either  configuration.  As 
mentioned  in  Section  5.4,  the  two-wheel  configuration  was  the  preferred  method, 
since  it  was  a  closer  representation  of  the  predominant  dual-wheel  loading, 
experienced  by  Runway  16/34.  However,  the  three-wheel  configuration  would  be 
used  if  deemed  necessary,  due  to  stability  issues  during  operations. 

EverFE  is  designed  for  highway  applications  with  limitations  on  thickness  of 
layers.  Runway  analysis  is  limited  with  this  program  because  of  a  maximum 
pavement  thickness  of  12  in.,  however  due  to  the  relatively  thin  pavement  thickness 
(9  or  10  in.)  of  Runway  16/34  this  program  provided  a  reasonable  approximation. 
Depths  were  set  at  the  predominant  construction  tolerances  for  the  runway:  9  in.  for 
the  PCC,  5  in.  for  the  base,  and  6  in.  for  the  subbase.  Elastic  moduli  and  Poisson’s 
ratio  were  left  at  the  typical  values  provided  by  the  program:  4,000  ksi  and  0.20  for 
PCC,  750  ksi  and  0.20  for  base,  and  25  ksi  and  0.20  for  subbase.  An  analysis  was  run 
for  a  series  of  different  loadings  (18,  24,  and  30  kips)  for  both  two-wheel  and  three- 
wheel  configurations  on  a  three-by-three  slab  representation.  The  field  slab 
dimensions  of  25  ft  in  length  and  width  was  used.  The  advantage  of  utilizing  EverFE 
was  ease  of  use,  minimal  computation  time  required,  and  the  ability  to  model  any 
loading  footprint  desired.  Exact  dimensions  of  the  footprint  for  two-wheel  and  three- 
wheel  configurations  were  reproduced.  Once  again,  it  was  assumed  that  the  load  was 
distributed  equally  in  both  load  configurations.  Table  A1  presents  the  compressive 
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stress,  tensile  stress,  and  deflections  determined  for  each  scenario.  As  expected,  the 
two-wheel  configuration  produced  higher  stresses  in  the  slab. 


Table  A1  -  EverFE  Analysis  of  Two-Wheel  and  Three-Wheel  Configurations 


Load 

(kips) 

Load 

Configuration 

Load 

Scenario 

Compressive 
Stress, 
a  (ksi) 
@PCC 
Surface 

Tensile 
Stress, 
a  (ksi) 

@  Bottom 
ofPCC 
Layer 

Deflection, 

8  (in.) 
@PCC 
Surface 

18.0 

Two- Wheel 

Center 

-0.228 

0.185 

0.019 

Edge 

-0.210 

0.173 

0.023 

Comer 

-0.204 

0.132 

0.024 

18.0 

Three- Wheel 

Center 

-0.194 

0.157 

0.019 

Edge 

-0.183 

0.150 

0.022 

Comer 

-0.161 

0.104 

0.023 

24.0 

Two- Wheel 

Center 

-0.305 

0.247 

0.023 

Edge 

-0.269 

0.215 

0.027 

Comer 

-0.264 

0.151 

0.029 

24.0 

Three- Wheel 

Center 

-0.259 

0.209 

0.023 

Edge 

-0.250 

0.205 

0.026 

Comer 

-0.207 

0.119 

0.028 

36.0 

Two- Wheel 

Center 

-0.343 

0.277 

0.025 

Edge 

-0.336 

0.268 

0.032 

Comer 

-0.329 

0.188 

0.035 

36.0 

Three- Wheel 

Center 

-0.324 

0.261 

0.026 

Edge 

-0.300 

0.240 

0.031 

Comer 

-0.247 

0.136 

0.031 
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After  further  research  and  determination  of  the  characteristics  of  typical 
runway  pavement  (PCA,  2004),  the  aforementioned  parameters  of  the  pavement 
system  were  altered  to  better  represent  field  conditions  (cemented  base,  lime-treated 
subbase).  Elastic  moduli  and  Poisson’s  ratio  for  each  layer  changed  respectively: 
4,000  ksi  and  0.15  for  PCC,  2000  ksi  and  0.20  for  base,  and  1000  ksi  and  0.20  for 
subbase.  A  sensitivity  analysis  was  re-accomplished  in  EverFE  to  determine  changes 
to  induced  stress  with  the  more  representative,  stiffer  model.  Compressive  stress  at 
the  surface  decreased  61%  to  62%  and  the  tensile  stress  at  the  bottom  of  the  PCC 
layer  decreased  37%  to  45%,  under  these  more  accurate  parameters.  Since  the 
percentage  drop  was  consistent  across  the  different  loads  and  loading  configurations, 
the  relationships  presented  in  Table  1  could  be  utilized.  With  tensile  stress  being  the 
controlling  stress  in  concrete,  an  analysis  was  conducted  to  determine  the  percentage 
increase  required  to  have  a  three-wheel  load  represent  a  two-wheel  load.  Sensitivity 
analysis  was  performed  for  center,  edge,  and  comer  loading  scenario.  Results  of 
percentage  increase  proved  to  be  consistent  for  each  loading  scenario  as  seen  in  Table 
A2. 


Table  A2  -  Relating  Three- Wheel  to  Two- Wheel  Load  Frame  Configuration 


Loading  Scenario 

Percentage  of  Two-Wheel 
Induced  Tensile  Stress 
by  a  Three- Wheel  for  the 
Same  Given  Load 

Increase  Factor  Required 
for  Three-Wheel  Scenario 

Three- Wheel  -  Center 

88 

1.1 

Three- Wheel  -  Edge 

90 

1.1 

Three- Wheel  -  Comer 

77 

1.3 

For  the  purpose  of  this  research,  the  two- wheel  load  frame  configuration 
proved  stable  and  effective.  Had  the  three-wheel  load  frame  configuration  been 
required  for  stability,  a  process  similar  to  that  presented  for  modeling  heavy  loads 
would  have  been  incorporated  using  Miner’s  hypothesis  (See  Section  6.5).  This  data 
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has  been  included  for  possible  use  in  future  research  requirements  which  may 
incorporate  varying  load  configurations. 
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Appendix  C  -  Reduction  of  Traffic  History  -  January  1998  -  May 

2004 


The  raw  traffic  data  provided  by  the  FAA  was  initially  compiled  by  the 
TxDOT  Aviation  Division,  as  presented  in  Appendix  A.  After  reducing  the  more 
than  150,000  operations,  the  TxDOT  Aviation  Division  assimilated  the  single 
operations  by  type  of  aircraft  and  included  pertinent  data,  specific  to  each  type  of 
aircraft.  The  author  received  this  reduced  raw  data,  and  through  analysis  and  merging 
of  operations,  of  similar  aircraft  with  equivalent  weights,  extensive  reduction  was 
achieved  into  121  aircraft  line  items.  Along  with  reducing  the  data,  the  writer 
continued  determination  of  parameters  of  each  aircraft  type.  The  final  aircraft  line 
items,  with  associated  limits  used  in  traffic  model  determination,  are  presented  in 
Figures  Cl,  C2,  and  C3.  Aircraft  types  are  listed  in  order  of  least  to  greatest  single 
rear  gear  assembly  loading. 
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Figure  Cl  -  Aircraft  Traffic  Summary  -  Loads  <  10,830  lbs 
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Figure  C2  -  Aircraft  Traffic  Summary  -  10,830  <  Loads  <  50,267  lbs 
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Figure  C3  -  Aircraft  Traffic  Summary  -  50,267  <  Loads  <  351,500  lbs 
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Appendix  D  -  Modeling  and  Conversion  of  Heavy  Load  Group 


Section  6.5  briefly  examined  the  process  of  modeling  heavier  aircraft  passes 
experienced  by  Runway  16/34  into  load  quantities  capable  of  testing  under  SDD 
operations.  Load  Groups  #1,  #2,  and  #3  were  within  the  loading  limits  of  equipment. 
Load  Groups  #4,  #5,  and  #6  were  beyond  the  loading  capability  of  the  equipment  and 
required  the  development  of  a  conversion  process.  This  process  was  presented  in 
Section  6.5.  Representative  aircraft  were  determined  for  the  three  load  groups 
requiring  conversion  into  equivalent  load  applications  at  the  equipment  loading  limit. 
Representative  aircraft  were  selected  based  on  three  criteria:  predominance  of 
occurrence  of  the  selected  aircraft,  a  similar  loading  per  single  rear  gear  configuration 
to  that  of  the  normalized  load  for  the  load  group,  and  the  same  gear  configuration  as 
the  majority  of  the  aircraft  applications  observed  (see  Table  Dl). 


Table  Dl  -  Load  Group  Data  and  Equivalent  Aircraft 


Load 

Group 

Normalized 
Load  (lbs) 

Predominant 
Gear  Config. 

Number  of 
Applications 

Equiv. 

Aircraft 

Load  Per 
Rear  Gear 
Config.  (lbs) 

#4 

64,065 

Dual 

1,087 

B-727 

73,981 

#5 

147,322 

Dual  Tandem 

31 

DC-8 

149,625 

#6 

265,203 

Dual  Tandem 

97 

MD-1 1 

271,902 

Using  the  same  finite  element  analysis  set  up,  as  described  in  Appendix  B, 
stress-induced  by  each  representative  aircraft  was  determined  for  all  three  heavy  load 
groups: 

•  B-727  produced  a  tensile  stress  of  0.146026  ksi 

•  DC-8  produced  a  tensile  stress  of  0.131538  ksi 

•  MD-1 1  produced  a  tensile  stress  of  0.180073  ksi 
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Following  induced  stress  determination,  these  stress  values  were  used  to 
determine  the  equivalent  number  of  applications  of  the  highest  equipment-capable 
load  group,  Load  Group  #3  at  31.6  kips.  The  following  computations  were  completed 
for  all  three  heavy  load  groups.  Boeing  727  is  presented  as  an  example  of  the  steps 
taken  for  equivalent  application  determination.  Results  for  this  loading  along  with 
the  other  two  load  groups  and  respective  aircraft  are  presented  in  Table  D2. 


-  Determine  maximum  number  of  applications  (Nj)  for  a  B-727 
-  -  Using  the  fatigue  equation  for  concrete 

r  \ 


log  Nf  =17.61-17.61 

v 

f 

log#,  =17.61-17.61  ■ 

V 


146.026  psi' 
650  psi 


Nf  =  4.506  xlO13 


Using  the  PC  A  method 


If  —  <  0.45 ,  then  applications  unlimited 


146026 ES.  =  0.2247 

650  psi 


-  Determine  maximum  number  of  applications  (Nf)  for  Load  Group  #3  at  3 1 .6  kips 
-  -  Using  the  fatigue  equation  for  concrete 


log  N f  =17.61-17.61 


log  A,  =17.61-17.61 


\SC  J 


^125.919  psi^ 
650  psi 


Nf  =1.580x10 


14 
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-  Use  results  from  fatigue  equation  for  concrete  and  Miner’s  hypothesis 


n 


Group #3 


*5-727 


N 


fGroup#3 


N 


Ib-i : 


n 


Group #3 


1087 


1.580xl014  4.506x10 


13 


n 


Group  #3 


=  3,811 


A  summary  of  the  results  from  this  process  for  all  three  heavy  load  groups  is 
presented  in  Table  D2.  The  resulting  data  required  the  original  applications  for  Load 
Group  #3  be  increased  by  6,699  applications.  The  computation  process  above 
enabled  equivalent  load  determination  for  loads  which  extended  beyond  the  capability 
of  the  SDD.  This  process  enabled  all  traffic  expected  on  Runway  16/34  to  be 
represented  within  the  traffic  model  used  in  the  SDD  SAP  testing  application.  This 
process  is  a  simple  approximation  to  enable  an  equivalent  loading  scenario  on  the 
pavement.  It  is  based  on  the  postulation  that  a  certain  higher  number  of  applications 
of  a  lesser  load  causes  the  equivalent  damage  of  a  lesser  number  of  applications  of  a 
higher  load. 


Table  D2  -  Load  Group  Data  and  Equivalent  Aircraft 


Load 

Group 

Number  of 
Applications 

Equiv. 

Aircraft 

Number  of  Applications 
(Load  Group  #3  -  31.6  kips) 

#4 

1,087 

B-727 

3,811 

#5 

31 

DC-8 

44 

#6 

97 

MD-11 

2,844 

Total  Applications  =  6,699 
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Appendix  E  -  Sample  Induced-Stress  Comparison  Between  Load 
Frame  and  Actual  Aircraft  Footprint 

In  an  effort  to  further  solidify  the  processes  and  assumptions  employed  in 
conducting  this  research,  a  direct  comparison  was  made  between  stress  induced  by  an 
actual  aircraft  footprint  and  the  same  aircraft  loads  transmitted  by  use  of  the  two- 
wheel  load  frame.  By  conducting  a  comparison  analysis,  the  use  of  the  rear  gear 
configuration  load  for  a  given  aircraft  on  the  same  load  frame  footprint,  irrespective 
of  the  variation  of  actual  aircraft  gear  footprint,  can  be  proved  a  legitimate 
assumption.  The  following  analysis  supports  this  assumption. 

To  begin  the  analysis,  a  suitable  aircraft  was  selected.  The  British  Aerospace 
(BAe)  146  is  regional  jet  airliner  which  has  had  a  significant  amount  of  operations  at 
Meacham  Airport,  over  the  6.5  years  of  traffic  history.  This  aircraft  has  a  dual-wheel 
landing  gear  configuration  and  comprises  just  over  1%  of  the  operations  at  Meacham 
Airport.  Its  load  per  rear  gear  assembly  is  approximately  38.4  kips,  placing  it  among 
the  aircraft  repetitions  modeled  by  Load  Group  #3,  as  described  in  Section  6.4. 

Figure  El  is  a  typical  picture  of  the  BAe  146. 


Figure  El  -  BAe  146  -  Regional  Jet  Airliner 
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Finite  element  analysis  tools  were  used  to  estimate  the  stress  induced  by  an 
actual  BAe  146  pass  on  a  pavement  system  of  the  same  construction  as  Runway 
16/34.  FEAFAA  is  a  program  developed  by  the  FAA  Airport  Technology  Research 
&  Development  Branch  to  provide  a  stand-alone  three-dimensional  finite  element 
analysis  of  multiple-slab  rigid  airport  pavements  and  overlays.  It  is  capable  of 
placing  individual  aircraft  landing  gear  loads  on  a  defined  pavement  system  and 
computing  accurate  pavement  responses,  including  stresses,  strains,  and  deflections. 
FEAFAA  utilizes  the  three-dimensional  finite  element  programs  (NIKE3D  and 
INGRID)  developed  by  the  United  States  Department  of  Energy,  Lawrence 
Livermore  National  Laboratory.  FEAFAA  enabled  selection  of  the  BAe  146  to 
determine  response  on  a  pavement  system,  mirroring  that  of  Runway  16/34  (as 
specified  in  Appendix  B). 

In  order  to  determine  an  equivalent  response  through  the  use  of  the  load  frame 
incorporated  into  the  SDD  SAP  testing,  the  program  EverFE  was  employed.  A  two- 
wheel  load  footprint  with  the  same  dimensions  and  orientation  as  the  load  frame  pads 
was  defined  in  the  program.  The  load  selected  was  equivalent  to  a  single  rear  gear  of 
the  BAe  146,  distributed  equally  among  the  two-wheel  footprint  (approximately  20 
kips  on  each  pad).  Once  again,  this  loading  scenario  was  placed  on  a  pavement 
system,  mirroring  that  of  Runway  16/34.  Load  frame  dimension,  orientation,  and 
pavement  system  constraints  were  used  as  specified  in  Appendix  B.  Both  analysis 
using  FEAFAA  and  EverFE  were  conducted  producing  comparable  data,  supporting 
the  assumptions  made  on  the  loading  scenarios  within  this  report.  The  two  values  for 
tensile  stress  induced  differed  by  less  than  4%.  This  is  a  difference  well  within 
acceptable  limits,  and  could  be  attributed  to  differing  finite  element  modules  in  each 
program.  Finite  element  analysis  is  only  as  accurate  as  the  number  and  location  of 
analysis  points  selected.  Table  El  summarizes  the  results  of  the  finite  element 
analysis. 
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Table  El  -  Stress  Induced  by  BAe  146  and  Equivalent  Two-Wheel  Load  Frame 


Load  Configuration 

Program  Used 

Stress  Induced  (psi) 

BAe  146  rear  gear 

FEAFAA 

163.1 

Two-Wheel  Load  Frame 

EverFE 

157.2 
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Appendix  F  -  Determining  Deflection  from  Accelerometer  Voltage 

Output 


Both  the  rolling  sensors  used  in  the  RDD  deflection  testing  and  the  stationary 
accelerometers  used  in  the  SDD  SAP  testing  required  the  same  process  of  data 
transformation  to  obtain  deflection  from  a  voltage  output.  The  steps  below  outline 
the  process  of  determining  deflection. 

1)  Given  a  sample  wavelength  amplitude  in  volts  -  define  as  “X”  volts 


2)  Translate  “X”  volts  to  acceleration  due  to  gravity  (g) 

volt 


calibration  ~  1  - 


g 


therefore  “X”  volts  =  “X”  g 


3)  Determine  deflection  in  terms  of  acceleration  (a)  and  angular  frequency  (co) 

a  =  a)2  ■  d 


4)  Define  acceleration  (a)  and  angular  frequency  (co),  where /=  20  Hz 

a  = "  X"  g  ■  — A  ^  ■ 10001 mil  =  386400  ■ "  AT-  ^ 
g  Ift  \in  s 2 


co  =  2nf  =  In  -20 Hz  =  125.66 


rad 


co1  = 


f 


125.66^ 

V  S  J 


rad2 


=  15791.36704- 
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5)  Solve  for  deflection  (d) 


d  = 


386,400 -"X"  — 
_ s_ 

15791.36704^- 

s 


=  24.46906585  -"X"mils 


Use  of  the  above  conversion  factor,  determined  in  Step  5),  enabled  transformation  of 
voltage  amplitude  (volts)  into  a  dynamic  deflection  reading  (mils). 
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Appendix  G  -  Longitudinal  Profiles  from  RDD  Testing  5-8  July  2004 


The  following  Figures  Gl,  G2,  and  G3  show  RDD  deflection  profiles  of  two 
respective  paving  lanes  of  Runway  16/34.  Deflection  response  of  the  six  lanes  shows 
similar  patterns  and  trends.  General  high  and  low  deflections  follow  similar  trends 
across  all  six  lanes.  Variations  in  trends  can  be  attributed  to  varying  subgrade 
conditions  and  localized  areas  of  distress,  including  cracking.  Deflection  response  of 
Lane  6  is  missing  the  last  400  feet  of  deflection  data,  as  seen  in  Figure  G3.  Missing 
data  is  a  result  of  field  complications  and  loss  of  data. 


187 


Figure  G1  -  RDD  Deflection  Profiles  -  Lanes  1  and  2 
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Figure  G2  -  RDD  Deflection  Profiles  -  Lanes  3  and  4 
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Figure  G3  -  RDD  Deflection  Profiles  -  Lanes  5  and  6 
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Appendix  H  -  Sample  Raw  Data  from  SDD  SAP  Testing 


The  following  figures  provide  the  reader  with  a  sample  of  the  raw  data 
received  by  the  data  acquisition  system,  during  field  testing.  This  data  was 
transformed  in  accordance  with  Appendix  F.  The  raw  data  includes  two  samples  of 
load  cell  output  and  two  samples  of  accelerometer  outputs.  Figure  HI  illustrates  the 
first  five-year  increment  of  load  cell  readings.  The  three-tiered  loading  is  apparent 
along  with  the  relative  length  of  testing  between  the  three  different  levels.  It  is 
important  to  reiterate  the  sampling  rate  of  200  samples  per  second,  since  figures  are 
given  in  terms  of  number  of  sample  points. 


0  100  200  300  400  500  600x1 03 


Sampling  Point  (x  1 03) 

Figure  HI  -  Load  Cell  Output  for  First  Five-Year  Increment  at  Taxiway  A6 

Edge 

The  oscillation  of  the  load  cell  output  is  difficult  to  perceive,  due  to  the  scale 
of  the  x-axis  in  Figure  HI.  Figure  H2  improves  the  resolution  of  the  load  cell  output 
by  scaling  down  the  x-axis,  examining  the  data  output  over  a  50-second  period.  This 
50-second  period  falls  within  the  first  load  group,  as  shown  by  the  peak  load  of 
approximately  7. 1  kips. 
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10 


8 

&  6 

S 

2  4 

2 

0 

126.0  126.2  126.4  126.6  126.8  127.0x103 

Sampling  Point  (x  103) 

Figure  H2  -  Sample  Load  Cell  Output  for  50-Second  Period  at  Taxiway  A6  Edge 

Figure  H3  illustrates  the  first  five-year  increment  of  accelerometer  #1  for  the 
same  edge  loading  scenario  at  Taxiway  A6.  Once  again,  the  three-tiered  loading  is 
apparent  along  with  the  relative  length  of  testing  between  the  three  different  levels. 
Figure  H3  shows  the  accelerometer  readings  for  the  same  period  of  time  as  the  load 
cell  output  in  Figure  HI . 


0  100  200  300  400  500  600xl03 

Sampling  Point  (x  103) 


Figure  H3  -  Accelerometer  Readings  for  the  First  Five-Year  Increment  at 

Taxiway  A6  Edge 
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As  with  Figure  HI,  the  oscillation  of  the  load  cell  output  is  difficult  to 
perceive,  due  to  the  scale  of  the  x-axis  in  Figure  H3.  Figure  H4  improves  the 
resolution  of  the  accelerometer  reading  by  scaling  down  the  x-axis,  examining  the 
data  output  over  a  50-second  period.  This  50-second  period  falls  within  the  first  load 
group,  and  mirrors  the  same  period  as  the  one  used  in  Figure  H2. 


100 


-1 00x1 0  3  -\ - 1 - 1 - 1 - 1 - 1 

126.0  126.2  126.4  126.6  126.8  127.0xl03 

Sampling  Point  (x  103) 

Figure  H4  -  Sample  Accelerometer  Reading  Over  50-Second  Period  at  Taxiway 

A6  Edge 
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Appendix  I  -  Data  Reduction  and  Summary  for  Each  Test  Point 


In  this  Appendix,  a  data  summary  is  presented  for  each  point.  Figure  II 
through  136  presents  the  reduced  raw  data  in  tabular  form.  Data  is  arranged  in  five- 
year  load  periods  (one  per  page)  and  load  levels  (major  row  groupings).  Data 
includes:  start/stop  time,  total  applications,  peak-to-peak  readings  for  load  cell  and  all 
three  accelerometers,  measured  deflections,  and  normalized  deflections.  Once  again, 
data  from  load  cell  and  accelerometers  were  sampled  over  the  entire  load  level,  taking 
average  values  for  five  sample  areas  and  over  the  entire  period.  Standard  deviation 
and  variance  was  computed  for  the  load  and  deflection  measurements.  The 
highlighted  rows  designate  the  average  of  the  load  and  deflection  readings,  and  the 
average  reading  for  the  entire  test  period  for  a  given  load  level.  Due  to  the  extent  of 
the  data  record,  spreadsheet  was  reduced  in  size  and  split  into  two  parts  for  viewing 
of  a  five-year  load  period  for  a  given  location. 
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Point  #2 


A6  Corner 


1 1-5  Years - FilT'cT 


[Load  I  I  Accelerometer  #1 ' 


Goal  |Start  (s) 

Stop  (s) 

|Start  (s)  |Apps.  | 

[Peak 

Valley  | 

[Peak 

|Valley 

Defl. (mils) 

26,600  app.  (1330  s)  50 

1400.0 

50  sec  intervals  100 

1000 

9.99 

3.94 

2.04 

-2.38 

4.42 

@7.1  kips  Test  Time 

1350.0 

300 

5000 

9.89 

4.02 

1.95 

-2.17 

4.12 

Total  Apps./Period 

27000 

550 

10000 

9.94 

4.08 

1.91 

-2.06 

3.97 

Total  Apps./Overall 

27000 

800 

15000 

9.96 

4.04 

1.96 

-2.10 

4.06 

1050 

20000 

10.95 

3.01 

2.80 

-3.74 

6.54 

Avg  Load 

10.15 

Avg 

4.62 

<7 

0.45 

o 

1.09 

Variance 

0.20 

Variance 

1.18 

Avg  Reading  for  Entire  Test  Period 

10.21 

3.77 

1.96 

-2.18 

4.14 

[Load 

ZZi 

lAccelerometer  #1 

Goai  |Start  (s) 

Stop  (s) 

|Start  (s)  |Apps.  | 

[Peak- 

Valley  | 

[Peak 

|Valley 

Defl. (mils) 

12,100  app.  (605  s)  1545 

2152.0 

50  sec  intervals  1600 

28100 

15.88 

3.17 

4.21 

-6.73 

10.94 

@15.9  kips  Test  Time 
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1700 

30100 

16.05 

3.22 

4.18 

-6.87 

11.05 

Total  Apps./Period 

12140 

1800 

32100 

16.01 

3.27 

4.10 

-6.76 

10.86 

Total  Apps./Overall 

39140 

1900 

34100 

15.97 

2.82 

4.10 

-6.65 

10.75 

2000 

36100 

16.05 

3.23 

4.13 

-6.78 

10.91 

Avg  Load 

15.99 

Avg 

10.90 

a 

0.07 

g 

0.11 

Variance 

0.01 

Variance 

0.01 

Avg  Reading  for  Entire  Test  Period 

15.96 

3.23 

4.14 

-6.70 

10.84 

[Load 

ZZI 

lAccelerometer  #1 

Goai  |Start  (s) 

|Stop  (s) 

|Start  (s)  |Apps.  | 

[peak 

ZZI 

Valley  | 

[Peak 

|Valley 

Defl. (mils)  | 

10,400  app.  (520  s)  2440 

2961.0 

50  sec  intervals  2500 

40340 

29.82 

4.64 

7.17 

-12.90 

20.07 

@31.6  kips  Test  Time 

521.0 

2600 

42340 

29.96 

4.87 

7.27 

-12.86 

20.13 

Total  Apps./Period 

10420 

2700 

44340 

29.94 

4.82 

7.30 

-12.99 

20.29 

Total  Apps./Overall 

49560 

2800 

46340 

29.92 

4.81 

7.56 

-13.38 

20.94 

2900 

48340 

29.79 

4.97 

7.54 

-13.24 

20.78 

Avg  Load 

29.89 

Avg 

20.44 

a 

0.08 

G 

0.39 

Variance 

0.01 

Variance 

0.16 

Avg  Reading  for  Entire  Test  Period 

29.85 

4.79 

7.34 

-13.05 

20.39 

|Accelerometer  #2 

|Valley  ~ 


1.37 

1.32 

1.27 

1.29 

1.77 


|pefl.(mils)  | Norm.  Defl.  (mils/pl)|f-Tus (%)] 


2.63 

2.53 

2.45 

2.46 
3.67 
2.78 
0.60 
0.36 
2.52 


0.26 

0.26 

0.25 

0.25 

0.34 

0.27 

0.04 

0.00 

0.25 


59.50 

61.41 

61.71 


I  Accelerometer  #2 
Peak _ |Valley 


| Defl. (mils)  |Norm.  Defl.  (mils/pl)|/-7~ us(%)~\ 


6.94 

6.87 

7.02 

6.92 

0.10 

0.01 

6.86 


0.43 

0.44 

0.43 

0.43 

0.44 

0.43 

0.00 

0.00 

0.43 


61.88 

63.26 

63.90 

63.91 
64.34 
63.46 


lAccelerometer  #2 


.(mils)  |Norm.  Defl.  (mils/pl)|L7~us (%)  \ 


I  Accelerometer  #3 
Peak  |Valley 


|pefl.(mils)  |Norm.  Defl.  (mils/pm 


0.96 

0.97 

1.34 


-0.86 

-0.86 

-1.42 

Avg 


1.82 

1.83 

2.76 

2.05 

0.40 

0.16 

2.09 


0.20 

0.19 

0.18 

0.18 

0.25 

0.20 

0.03 

0.00 

0.20 


I  Accelerometer  #3 _ _ 

Peak  |Valley  |pefl.(mils)  |Norm.  Defl.  (mils/pi)] 


2.23 
2.26 
2.26 

2.24 
2.72 


-3.06 

-3.07 

-3.05 

-3.12 

Avg 


5.32 

5.33 
5.29 
5.84 

5.39 

0.26 

0.07 

5.26 


0.33 

0.33 

0.33 

0.33 

0.36 

0.34 

0.02 

0.00 

0.33 


lAccelerometer  #3 


1osfl.( 


(mils)  |Norm.  Defl.  (mils(pl) 


5.21 

-8.09 

13.30 

0.45 

66.27 

3.95 

-6.29 

10.24 

0.34 

5.28 

-8.11 

13.39 

0.45 

66.52 

4.03 

-6.32 

10.35 

0.35 

5.27 

-8.19 

13.46 

0.45 

66.34 

4.02 

-6.37 

10.39 

0.35 

5.38 

-8.43 

13.81 

0.46 

65.95 

4.09 

-6.55 

10.64 

0.36 

5.35 

-8.39 

13.74 

0.46 

66.12 

4.07 

-6.92 

10.99 

0.37 

Avg 

13.54 

0.45 

66.24 

Avg 

10.52 

0.35 

a 

0.22 

0.01 

(7 

0.30 

0.01 

Variance 

0.05 

0.00 

Variance 

0.09 

0.00 

5.27 

-8.22 

13.49 

0.45 

4.01 

-6.89 

10.90 

0.37 

Average  LT 

63.26 

Figure  15  -  Data  Summary  for  Taxiway  A6  -  Corner  Load  Point  -  Years  1-5 
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Load 

Accelerometer  #1 

Goal 

|Start  (s)  |Stop  (s) 

|Start  (s)  |Apps.  | 

Peak 

Valley  | 

Peak  |  Valley 

Defl. (mils)  | 

|26,600  app.  (1330  s)  3129 

7.1  kips  Test  Time 

Total  Apps./Period 
Total  Apps./Overall 


4466.0 

1337.0 

26740 

76300 


50  sec  intervals 


3200 
3400  54980 

3600  58980 

3800  62980 

4000  66980 


Avg  Load 
Variance 


Avg  Reading  for  Entire  Test  Period 


11.18 

11.18 

11.20 

11.29 

11.27 

11.22 

0.05 

0.00 

11.25 


5.41 

5.24 

5.41 

5.34 

5.34 


1.83 

1.90 

1.85 


-2.42 

-2.31 

-2.21 

-2.29 

-2.17 

Avg 

Variance 

-2.26 


4.40 

4.19 


4.17 

0.15 

0.02 

4.13 


Load 

Accelerometer  #1 

Goal 

|Start  (s)  |Stop  (s) 

|Start  (s)  |Apps.  | 

Peak 

Valley  | 

Peak  |  Valley 

Defl. (mils)  | 

12,100  app.  (605  s)  4585 

@15.9  kips  Test  Time 

Total  Apps./Period 
Total  Apps./Overall 


5188.0 

603.0 

12060 

88360 


50  sec  intervals 


4600 

4700 


4900 

5000 


78600 

80600 

82600 

84600 


Avg  Reading  for  Entire  Test  Period 


16.85 

17.09 

17.08 

17.10 

17.13 

17.05 

0.11 

0.01 

17.07 


3.05 

3.09 

3.10 

3.06 


4.82 

4.73 


-7.37 

-7.42 

-7.38 

-7.27 

-7.35 

Avg 


12.65 

12.50 

12.34 

12.09 

12.08 

12.33 

0.25 

0.06 

12.29 


[Goal 


|Start  (s)  |Stop  (s) 


10,400  app.  (520  s)  5290 

@31.6  kips  Test  Time 

Total  Apps./Period 
Total  Apps./Overall 


5817.0 

527.0 

10540 


|Start  (s)  |Apps.  ] 

50  sec  intervals  5350 


|  Load 
Peak 


5450 

5550 

5650 

5750 


89560 

91560 

93560 

95560 

97560 


30.42 

30.54 

30.58 

30.84 

31.47 

30.77 

0.42 

0.18 


[valley  | 


5.18 

5.41 

5.34 

5.25 

5.16 


[Accelerometer#! 

<  |  Valley 


7.81 

7.92 

7.98 


Avg  Reading  for  Entire  Test  Period 


-12.01 

-11.71 

-11.92 

-12.19 

-12.67 

Avg 

Variance 

-12.17 


Defl.(mils)  [ 


19.87 

19.52 

19.84 

20.17 

20.56 

19.99 

0.39 

0.15 

20.08 


Accelerometer  #2 
Peak  |Valley 


1.23 
1.22 

1.24 
1.22 


-1.46 

-1.42 

-1.41 

-1.44 

-1.38 


Defl.(mils) 


Avg 


Variance 
1.23  -1.40 


|Norm.  Defl.  (mils/pl)|LTus(%)  | 
2.74  0.25  62.27 

2.65  0.24  63.25 

2.63  0.23  65.10 

2.68  0.24  63.96 

2.60  0.23  64.68 

2.64  0.24  63.34 

0.03  0.01 

0.00  0.00 

2.63  0.23 


I  Accelerometer  #3  | 

Peak  |Valley  |pefl.(mils)  |Norm.  Defl.  (mils/pl) 


0.97  -1.10  2.07 

0.93  -1.07  2.00 

0.92  -1.05  1.97 

0.95  -1.09  2.04 

0.93  -1.06  1.99 

Avg  2.01 

<r  0.04 

Variance  0.00 

0.93  -1.07  2.00 


0.19 

0.18 

0.18 

0.18 

0.18 

0.18 

0.00 

0.00 

0.18 


Accelerometer  #2 
Peak  |Valley 


3.76 

3.67 

3.57 

3.46 

3.38 


-4.21 

-4.27 

-4.24 

-4.18 

-4.22 


|Defl.(mils) 


Avg 


Variance 
3.51  -4.24 


|Norm.  Defl.  (mils/pl) \LTUS(%)  | 
7.97  0.47  63.00 

7.94  0.46  63.52 

7.81  0.46  63.29 

7.64  0.45  63.19 

7.60  0.44  62.91 

7.79  0.46  63.19 

0.17  0.01 

0.03  0.00 

7.75  0.45 


I  Accelerometer  #3 

Peak  |Valley  |Defl.(mils) 

2.87  -3.29 

2.85  -3.32 

2.79  -3.30 

2.71  -3.21 

2.66  -3.29 

Avg 

Variance 
2.73  -3.31 


|Norm.  Defl.  (mils/pl) 

6.16  0.37 

6.17  0.36 

6.09  0.36 

5.92  0.35 

5.95  0.35 

6.06  0.36 

0.12  0.01 

0.01  0.00 

6.04  0.35 


[Accelerometer  #2 

|Peak  |Valley  |Defl.(mils) 

I 

Norm.  Defl.  (mils/pl) |LT, 

5.77  -8.07 

13.84 

0.45 

69.65 

5.69  -7.86 

13.55 

0.44 

69.42 

5.77  -7.96 

13.73 

0.45 

69.20 

5.89  -8.00 

13.89 

0.45 

68.86 

6.07  -8.20 

14.27 

0.45 

69.41 

Avg 

13.86 

0.45 

69.31 

<7 

0.27 

0.00 

Variance 

0.07 

0.00 

5.85  -8.06 

13.91 

0.45 

Average  LT 

65.28 

I  Accelerometer  #3  | 

Peak  |Valley  |pefl.(mils)  |Norm.  Defl.  (mils/pl) 


4.46  -6.24  10.70 

4.43  -6.07  10.50 

4.40  -6.16  10.56 

4.53  -6.19  10.72 

4.81  -6.34  11.15 

Avg  10.73 

a  0.25 

Variance  0.06 

4.52  -6.23  10.75 


0.35 

0.34 

0.35 

0.35 

0.35 

0.35 

0.00 

0.00 

0.35 


Figure  16  -  Data  Summary  for  Taxiway  A6  -  Corner  Load  Point  -  Years  6-10 
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11 -15  Years 

File  "Cl" 

Load 

Accelerometer  #1 

Goal  |Start  (s) 

Stop  (s) 

| Start  (s) 

Apps.  | 

Peak 

Valley  | 

Peak 

|Valley 

Defl.(mils)  | 

26,600  app.  (1330  s)  5900 

7241.0 

50  sec  intervals  6000 

100900 

11.31 

4.63 

2.43 

-2.95 

5.38 

@7.1  kips  Test  Time 

1341.0 

6200 

104900 

11.43 

4.56 

2.40 

-2.98 

5.38 

Total  Apps./Period 

26820 

6400 

108900 

11.44 

4.67 

2.35 

-2.86 

5.21 

Total  Apps./Overall 

125720 

6600 

112900 

11.57 

4.57 

2.38 

-2.95 

5.33 

6800 

116900 

11.54 

4.61 

2.34 

-2.86 

5.20 

Avg  Load 

11.46 

Avg 

5.30 

G 

0.10 

G 

0.09 

Variance 

0.01 

Variance 

0.01 

Avg  Reading  for  Entire  Test  Period 

11.48 

4.59 

2.36 

-2.89 

5.25 

Load 

Accelerometer  #1 

Goal  |Start  (s) 

Stop  (s) 

[Start  (s) 

Apps.  | 

Peak 

Valley  | 

Peak 

|Valley 

Defl.(mils)  | 

12,100  app.  (605  s)  7312 

7932.0 

50  sec  intervals  7400 

127480 

15.70 

3.50 

3.77 

-5.28 

9.05 

@15.9  kips  Test  Time 

620.0 

7500 

129480 

15.85 

3.50 

3.76 

-5.34 

9.10 

Total  Apps./Period 

12400 

7600 

131480 

15.86 

3.51 

3.78 

-5.42 

9.20 

Total  Apps./Overall 

138120 

7700 

133480 

15.93 

3.48 

3.73 

-5.42 

9.15 

7800 

135480 

15.85 

3.40 

3.81 

-5.35 

9.16 

Avg  Load 

15.84 

Avg 

9.13 

a 

0.08 

G 

0.06 

Variance 

0.01 

Variance 

0.00 

Avg  Reading  for  Entire  Test  Period 

16.02 

4.19 

4.01 

-5.62 

9.63 

Load 

Accelerometer  #1 

|Defl.(mils)  | 

Goal  |Start  (s) 

|Stop  (s) 

I  |Start  (s)  | 

|Apps.  | 

Peak 

|valley  | 

Peak 

|Valley 

10,400  app.  (520  s)  8075 

8596.0 

50  sec  intervals  8100 

138620 

30.08 

4.15 

9.17 

-12.37 

21.54 

@  31 .6  kips  Test  Time 

521.0 

8200 

140620 

30.09 

4.12 

9.19 

-12.49 

21.68 

Total  Apps./Period 

10420 

8300 

142620 

30.17 

4.12 

9.09 

-15.56 

24.65 

Total  Apps./Overall 

148540 

8400 

144620 

30.13 

4.17 

8.44 

-12.54 

20.98 

8500 

146620 

30.30 

4.00 

8.68 

-12.57 

21.25 

Avg  Load 

30.15 

Avg 

22.02 

a 

0.09 

a 

1.49 

Variance 

0.01 

Variance 

2.23 

Avg  Reading  for  Entire  Test  Period 

30.15 

4.07 

9.01 

-12.57 

21.58 

Accelerometer  #2 

Accelerometer  #3 

Peak  |Valley 

Defl.(mils)  |Norm.  Defl. 

(mils/pl)  |L70SW| 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

1.57  -1.77 

3.34 

0.30 

62.08 

1.20  -1.36 

2.56 

0.23 

1.55  -1.81 

3.36 

0.29 

62.45 

1.19  -1.37 

2.56 

0.22 

1.49  -1.70 

3.19 

0.28 

61.23 

1.13  -1.31 

2.44 

0.21 

1.54  -1.76 

3.30 

0.29 

61.89 

1.18  -1.36 

2.54 

0.22 

1.54  -1.75 

3.29 

0.29 

63.27 

1.17  -1.34 

2.51 

0.22 

Avg 

3.29 

0.29 

61.98 

Avg 

2.52 

0.22 

<7 

0.07 

0.01 

G 

0.05 

0.01 

Variance 

0.00 

0.00 

Variance 

0.00 

0.00 

1.54  -1.75 

3.29 

0.29 

1.17  -1.34 

2.51 

0.22 

Accelerometer  #2 

Accelerometer  #3 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl. 

(mils/pl)  |LT 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

2.60  -3.24 

5.84 

0.37 

64.53 

2.01  -2.48 

4.49 

0.29 

2.60  -3.27 

5.87 

0.37 

64.51 

2.01  -2.50 

4.51 

0.28 

2.62  -3.30 

5.92 

0.37 

64.35 

2.01  -2.52 

4.53 

0.29 

2.56  -3.27 

5.83 

0.37 

63.72 

1 .98  -2.52 

4.50 

0.28 

2.58  -3.26 

5.84 

0.37 

63.76 

1 .93  -2.48 

4.41 

0.28 

Avg 

5.86 

0.37 

64.17 

Avg 

4.49 

0.28 

a 

0.04 

0.00 

a 

0.05 

0.00 

Variance 

0.00 

0.00 

Variance 

0.00 

0.00 

2.78  -3.41 

6.19 

0.39 

2.13  -2.62 

4.75 

0.30 

Accelerometer  #2 

Accelerometer  #3 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl. 

(mils/pl)  |LT 

us  (%)  | 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

7.15  -7.95 

15.10 

0.50 

70.10 

5.51  -6.12 

11.63 

0.39 

7.13  -8.01 

15.14 

0.50 

69.83 

5.48  -6.19 

11.67 

0.39 

6.90  -8.05 

14.95 

0.50 

60.65 

5.37  -6.22 

11.59 

0.38 

6.59  -8.03 

14.62 

0.49 

69.69 

5.11  -6.21 

11.32 

0.38 

6.45  -8.22 

14.67 

0.48 

69.04 

5.05  -6.34 

11.39 

0.38 

Avg 

14.90 

0.49 

67.65 

Avg 

11.52 

0.38 

a 

0.24 

0.01 

a 

0.16 

0.01 

Variance 

0.06 

0.00 

Variance 

0.02 

0.00 

6.81  -8.03 

14.84 

0.49 

5.27  -6.20 

11.47 

0.38 

Average  LT 

64.60 

Figure  17  -  Data  Summary  for  Taxiway  A6  -  Corner  Load  Point  -  Years  11-15 
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16-20  Years 

File  "C2" 

Load 

Accelerometer  #1 

Goal  |Start  (s) 

Stop  (s) 

|Start  (s)  |A 

pps.  | 

Peak 

Valley  | 

Peak 

|Valley 

Defl.(mils)  | 

26,600  app.  (1330  s)  518 

1858.0 

50  sec  intervals  600 

150180 

7.13 

1.94 

2.13 

-2.53 

4.66 

@7.1  kips  Test  Time 

1340.0 

800 

154180 

7.10 

1.95 

2.09 

-2.43 

4.52 

Total  Apps  ./Period 

26800 

1100 

160180 

7.31 

1.80 

2.16 

-2.49 

4.65 

Total  Apps./Overall 

175340 

1400 

166180 

7.28 

1.86 

2.14 

-2.41 

4.55 

1600 

170180 

7.36 

1.36 

2.21 

-2.40 

4.61 

Avg  Load 

7.24 

Avg 

4.60 

a 

0.11 

o 

0.06 

Variance 

0.01 

Variance 

0.00 

Avg  Reading  for  Entire  Test  Period 

7.24 

1.85 

2.14 

-2.43 

4.57 

%  inc 

Load 

Accelerometer  #1 

Goal  |Start  (s) 

|Stop  (s) 

|Start  (s)  |Apps.  | 

Peak 

Valley  | 

Peak 

|Valley 

Defl.(mils)  | 

12,100  app.  (605  s)  2020 

2640.0 

50  sec  intervals  2100 

176940 

16.15 

3.50 

4.67 

-6.01 

10.68 

@15.9  kips  Test  Time 

620.0 

2200 

178940 

16.16 

3.50 

4.49 

-6.01 

10.50 

Total  Apps  ./Period 

12400 

2300 

180940 

16.12 

3.51 

4.35 

-5.96 

10.31 

Total  Apps./Overall 

187740 

2400 

182940 

16.14 

3.48 

4.26 

-6.00 

10.26 

2500 

184940 

16.13 

3.40 

4.19 

-6.08 

10.27 

Avg  Load 

16.14 

Avg 

10.40 

a 

0.02 

a 

0.18 

Variance 

0.00 

Variance 

0.03 

Avg  Reading  for  Entire  Test  Period 

16.17 

3.42 

4.43 

-6.07 

10.50 

%  inc 

Load 

Accelerometer  #1 

Goal  |Start  (s) 

|Stop  (s) 

|Start  (s)  |A 

pps.  | 

Peak 

Valley  | 

Peak 

|Valley 

Defl.(mils)  | 

10,400  app.  (520  s)  2775 

3303.0 

50  sec  intervals  2800 

188240 

30.73 

3.21 

9.91 

-14.60 

24.51 

@31.6  kips  Test  Time 

528.0 

2900 

190240 

31.01 

3.53 

10.31 

-14.96 

25.27 

Total  Apps  ./Period 

10560 

3000 

192240 

30.97 

3.59 

10.30 

-14.91 

25.21 

Total  Apps./Overall 

198300 

3100 

194240 

30.82 

3.67 

10.21 

-14.83 

25.04 

3200 

196240 

32.74 

3.36 

10.93 

-15.29 

26.22 

Avg  Load 

31.25 

Avg 

25.25 

a 

0.84 

a 

0.62 

Variance 

0.70 

Variance 

0.38 

Avg  Reading  for  Entire  Test  Period 

31.31 

3.46 

10.35 

-14.92 

25.27 

%  inc 

Accelerometer  #2 

Accelerometer  #3 

Peak  |Valley 

Defl.(mils) 

Norm.  Defl.  (mils/pl)|LT 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

1.23  -1.45 

2.68 

0.38 

57.51 

0.92  -1.12 

2.04 

0.29 

1.22  -1.38 

2.60 

0.37 

57.52 

0.90  -1.06 

1.96 

0.28 

1.28  -1.40 

2.68 

0.37 

57.63 

0.96  -1.08 

2.04 

0.28 

1.28  -1.33 

2.61 

0.36 

57.36 

0.96  -1.01 

1.97 

0.27 

1.30  -1.30 

2.60 

0.35 

56.40 

0.99  -1.02 

2.01 

0.27 

Avg 

2.62 

0.36 

57.04 

Avg 

2.00 

0.28 

a 

0.04 

0.01 

o 

0.04 

0.01 

Variance 

0.00 

0.00 

Variance 

0.00 

0.00 

1.27  -1.36 

2.63 

0.36 

0.95  -1.05 

2.00 

0.28 

Accelerometer  #2 

Accelerometer  #3 

Peak  |Valley 

Defl.(mils) 

Norm.  Defl.  (mils/pl)|LT 

~( %n 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

3.29  -3.65 

6.94 

0.43 

64.98 

2.54  -2.80 

5.34 

0.33 

3.16  -3.66 

6.82 

0.42 

64.95 

2.46  -2.81 

5.27 

0.33 

3.04  -3.63 

6.67 

0.41 

64.69 

2.35  -2.80 

5.15 

0.32 

2.94  -3.63 

6.57 

0.41 

64.04 

2.28  -2.78 

5.06 

0.31 

2.89  -3.65 

6.54 

0.41 

63.68 

2.22  -2.79 

5.01 

0.31 

Avg 

6.71 

0.42 

64.48 

Avg 

5.17 

0.32 

a 

0.17 

0.01 

a 

0.14 

0.01 

Variance 

0.03 

0.00 

Variance 

0.02 

0.00 

3.07  -3.66 

6.73 

0.42 

2.37  -2.81 

5.18 

0.32 

Accelerometer  #2 

Accelerometer  #3 

Peak  |Valley 

Defl.(mils) 

Norm.  Defl.  (mils/pl)|LT 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

7.04  -9.21 

16.25 

0.53 

66.30 

5.23  -7.06 

12.29 

0.40 

7.47  -9.64 

17.11 

0.55 

67.71 

5.47  -7.29 

12.76 

0.41 

7.47  -9.94 

17.41 

0.56 

69.06 

7.36  -10.10 

17.46 

0.57 

69.73 

Errors  in  Accelerometer  Readings 

8.25  -9.99 

18.24 

0.56 

69.57 

Avg 

17.29 

0.55 

68.49 

Avg 

12.53 

0.40 

a 

0.72 

0.01 

a 

0.33 

0.01 

Variance 

0.51 

0.00 

Variance 

0.11 

0.00 

4.22  -3.83 

8.05 

0.26 

5.38  -7.18 

12.56 

0.40 

Average  LT 

63.33 

Figure  18  -  Data  Summary  for  Taxiway  A6  -  Corner  Load  Point  -  Years  16-20 
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Point  #3 


A6  Center 


lAccelerometer  #1 


Goal  |Start  (s) 

Stop  (s) 

[Start  (s) 

Apps.  | 

Peak 

Valley  | 

Peak  jValley 

Defl.(mils) 

26,600  app.  (1330  s)  273 

1613.0 

50  sec  intervals  300 

540 

7.00 

1.81 

1.36 

-1.44 

2.80 

@7.1  kips  Test  Time 

1340.0 

500 

4540 

7.13 

1.64 

1.36 

-1.43 

2.79 

Total  Apps./Period 

26800 

800 

10540 

7.18 

1.62 

1.27 

-1.31 

2.58 

Total  Apps./Overall 

26800 

1100 

16540 

7.28 

1.59 

1.31 

-1.32 

2.63 

1300 

20540 

7.31 

1.58 

1.31 

-1.32 

2.63 

Avg  Load 

7.18 

Avg 

2.69 

a 

0.12 

a 

0.10 

Variance 

0.02 

Variance 

0.01 

Avg  Reading  for  Entire  Test  Period 

7.22 

1.61 

1.33 

-1.36 

2.69 

r-d - 

(valley  | 

Accelerometer  #1 

|Defl.(mils)  | 

Goal  |Start  (s) 

|Stop  (s) 

|Start  (s) 

|Apps.  | 

Peak 

Peak  |Valley 

12,100  app.  (605  s)  1725 

2331.0 

50  sec  intervals  1800 

28300 

16.43 

3.18 

2.55 

-3.54 

6.09 

@15.9  kips  Test  Time 

606.0 

1900 

30300 

16.33 

3.11 

2.56 

-3.53 

6.09 

Total  Apps./Period 

12120 

2000 

32300 

16.37 

3.02 

2.61 

-3.60 

6.21 

Total  Apps./Overall 

38920 

2100 

34300 

16.30 

3.11 

2.57 

-3.53 

6.10 

2200 

36300 

16.40 

3.02 

2.61 

-3.58 

6.19 

Avg  Reading  for  Entire  Test  Period 


6.14 

0.06 

0.00 

6.13 


[Goal 


|Start  (s)  |Stop  (s)  ~| 


10,400  app.  (520  s)  2429 

@31.6  kips  Test  Time 

Total  Apps./Period 
Total  Apps./Overall 


2959.0 

530.0 


|Start  (s)  |Apps.  | 


2500  40340 
2600  42340 
2700  44340 
2800  46340 
2900  48340 


Avg  Reading  for  Entire  Test  Period 


31.12 

31.13 
31.11 
31.08 
31.09 
31.11 

0.02 

0.00 

31.08 


[Valley  | 


3.49 

3.65 


lAccelerometer  #1 
'|Valley 


5.56 

5.55 

5.42 

5.19 

5.06 


-6.96 
-7.02 
-7.05 
-7.10 
-7.08 
Avg 

Variance 

-7.01 


Defl.(mils)  | 


12.52 

12.57 

12.47 

12.29 

12.14 

12.40 

0.18 

0.03 

12.33 


Accelerometer  #2 

Accelerometer  #3 

Peak  |Valley 

Defl.(mils)  |Norm.  Defl. 

(mils/pl)|LT us(%)  \ 

Peak 

|Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

1.26 

-1.20 

2.46 

0.35 

87.86 

1.17  -1.08 

2.25 

0.32 

1.29 

-1.19 

2.48 

0.35 

88.89 

1.24  -1.21 

2.45 

0.34 

1.26 

-1.27 

2.53 

0.35 

98.06 

1.20  -1.18 

2.38 

0.33 

1.27 

-1.31 

2.58 

0.35 

98.10 

1.22  -1.21 

2.43 

0.33 

1.25 

-1.27 

2.52 

0.34 

95.82 

1.16  -1.18 

2.34 

0.32 

Avg 

2.53 

0.35 

94.10 

Avg 

2.37 

0.33 

a 

0.04 

0.00 

a 

0.08 

0.01 

Variance 

0.00 

0.00 

Variance 

0.01 

0.00 

1.28 

-1.28 

2.56 

0.35 

1.22  -1.19 

2.41 

0.33 

Accelerometer  #2 

Accelerometer  #3 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl. 

(mils/pl)  |LT 

Peak 

|Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

2.34 

-3.37 

5.71 

0.35 

93.76 

2.06  -3.15 

5.21 

0.32 

2.37 

-3.36 

5.73 

0.35 

94.09 

2.09  -3.15 

5.24 

0.32 

2.43 

-3.40 

5.83 

0.36 

93.88 

2.15  -3.18 

5.33 

0.33 

2.41 

-3.34 

5.75 

0.35 

94.26 

2.17  -3.10 

5.27 

0.32 

2.48 

-3.37 

5.85 

0.36 

94.51 

2.23  -3.13 

5.36 

0.33 

Avg 

5.77 

0.35 

94.10 

Avg 

5.28 

0.32 

O 

0.06 

0.00 

o 

0.06 

0.00 

Variance 

0.00 

0.00 

Variance 

0.00 

0.00 

2.40 

-3.37 

5.77 

0.35 

2.13  -3.13 

5.26 

0.32 

Accelerometer  #2 

|Defl.(mils)  |Norm.  Defl. 

Accelerometer  #3 

Peak  jValley 

(mils/pl)  |LT 

unw\ 

Peak 

|Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

4.61 

-6.44 

11.05 

0.36 

88.26 

3.89  -5.92 

9.81 

0.32 

4.89 

-6.50 

11.39 

0.37 

90.61 

3.93  -5.97 

9.90 

0.32 

5.07 

-6.55 

11.62 

0.37 

93.18 

4.00  -6.06 

10.06 

0.32 

5.03 

-6.61 

11.64 

0.37 

94.71 

4.00  -6.11 

10.11 

0.33 

4.85 

-6.58 

11.43 

0.37 

94.15 

4.12  -6.09 

10.21 

0.33 

Avg 

11.43 

0.37 

92.16 

Avg 

10.02 

0.32 

o 

0.24 

0.01 

a 

0.16 

0.01 

Variance 

0.06 

0.00 

Variance 

0.03 

0.00 

4.83 

-6.51 

11.34 

0.36 

3.97  -6.00 

9.97 

0.32 

Average  LT 

93.45 

Figure  19  -  Data  Summary  for  Taxiway  A6  -  Center  Load  Point  -  Years  1-5 
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|  Load 


Goal 

|Start  (s) 

Stop  (s) 

|Start  (s)  |Apps.  | 

Peak 

Valley  | 

26,600  app.  (1330  s)  3147 

4482.0 

50  sec  intervals  3200 

50580 

7.71 

1.85 

@  7.1  kips 

Test  Time 

1335.0 

3400 

54580 

7.70 

1.82 

Total  Apps./Period 

26700 

3700 

60580 

7.67 

1.67 

Total  Apps./Overall 

76220 

4000 

66580 

7.71 

1.73 

4200 

70580 

7.71 

1.78 

Avg  Load 

7.70 

g 

0.02 

Variance 

0.00 

Avg  Reading  for  Entire  Test  Period 

7.69 

1.76 

Load 

Goal 

|Start  (s) 

Stop  (s) 

|Start  (s)  |Apps.  | 

Peak 

Valley  | 

12,100  app.  (605  s)  4600 

5205.0 

50  sec  intervals  4700 

78220 

16.53 

3.35 

@  15.9  kips 

Test  Time 

605.0 

4800 

80220 

16.47 

3.27 

Total  Apps./Period 

12100 

4900 

82220 

16.44 

3.29 

Total  Apps./Overall 

88320 

5000 

84220 

16.40 

3.35 

5100 

86220 

16.47 

3.26 

Avg  Load 

16.46 

a 

0.05 

Variance 

0.00 

Avg  Reading  for  Entire  Test  Period 

16.52 

3.35 

Load 

(valley  | 

Goal 

|Start  (s) 

|Stop  (s) 

(start  (s) 

Apps.  | 

Peak 

10,400  app.  (520  s)  5315 

5836.0 

50  sec  intervals  5350 

89020 

30.44 

5.18 

@  31.6  kips 

Test  Time 

521.0 

5450 

91020 

30.26 

5.41 

Total  Apps./Period 

10420 

5550 

93020 

30.20 

5.34 

Total  Apps./Overall 

98740 

5650 

95020 

30.16 

5.25 

5750 

97020 

29.76 

5.16 

Avg  Load 

30.16 

o 

0.25 

Variance 

0.06 

Avg  Reading  for  Entire  Test  Period 

30.20 

3.73 

|  Accelerometer  #1 


Peak  jValley 

Defl.(mils) 

1.74 

-1.48 

3.22 

1.69 

-1.49 

3.18 

1.76 

-1.46 

3.22 

1.73 

-1.45 

3.18 

1.68 

-1.50 

3.18 

Avg 

3.20 

G 

0.02 

Variance 

0.00 

1.72 

-1.49 

3.21 

Accelerometer  #1 

Peak  |Valley 

Defl.(mils) 

2.84  -3.69 

6.53 

2.88  -3.69 

6.57 

2.96  -3.73 

6.69 

3.00  -3.73 

6.73 

3.15  -3.78 

6.93 

Avg 

6.69 

a 

0.16 

Variance 

0.02 

3.01  -3.75 

6.76 

|Accelerometer  #1 


Peak  |Valley 

Defl.(mils) 

4.36 

-6.57 

10.93 

4.35 

-6.66 

11.01 

4.77 

-6.74 

11.51 

4.67 

-6.85 

11.52 

4.77 

-6.74 

11.51 

Avg 

11.30 

o 

0.30 

Variance 

0.09 

4.55 

-6.75 

11.30 

Accelerometer  #2 

Accelerometer  #3 

Peak  |  Valley 

Defl.(mils)  |Norm.  Defl 

(mils/pl)|LT 

Peak 

|Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

1.60  -1.40 

3.00 

0.39 

93.17 

1.49  -1.26 

2.75 

0.36 

1.56  -1.41 

2.97 

0.39 

93.40 

1.45  -1.29 

2.74 

0.36 

1.64  -1.40 

3.04 

0.40 

94.41 

1.51  -1.29 

2.80 

0.37 

1.58  -1.37 

2.95 

0.38 

92.77 

1.48  -1.26 

2.74 

0.36 

1.55  -1.40 

2.95 

0.38 

92.77 

1.42  -1.27 

2.69 

0.35 

Avg 

2.98 

0.39 

93.16 

Avg 

2.74 

0.36 

g 

0.04 

0.01 

G 

0.04 

0.01 

Variance 

0.00 

0.00 

Variance 

0.00 

0.00 

1.59  -1.40 

2.99 

0.39 

1.47  -1.26 

2.73 

0.36 

Accelerometer  #2 

Accelerometer  #3 

Peak  |  Valley 

Defl.(mils)  |Norm.  Defl 

(mils/pl)|L7 

~( %n 

Peak 

|Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

2.56  -3.42 

5.98 

0.36 

91.58 

2.28  -3.11 

5.39 

0.33 

2.63  -3.43 

6.06 

0.37 

92.24 

2.34  -3.09 

5.43 

0.33 

2.73  -3.46 

6.19 

0.38 

92.53 

2.42  -3.12 

5.54 

0.34 

2.75  -3.44 

6.19 

0.38 

91.98 

2.45  -3.08 

5.53 

0.34 

2.90  -3.50 

6.40 

0.39 

92.35 

2.60  -3.16 

5.76 

0.35 

Avg 

6.16 

0.37 

92.14 

Avg 

5.53 

0.34 

a 

0.16 

0.01 

G 

0.14 

0.01 

Variance 

0.03 

0.00 

Variance 

0.02 

0.00 

2.75  -3.74 

6.49 

0.39 

2.45  -3.14 

5.59 

0.34 

Accelerometer  #2 

| Defl. (mils)  |Norm.  Defl. 

Accelerometer  #3 

Peak  |  Valley 

(mils/pl)  |L7 

us(%)  | 

Peak 

|Valley 

Defl. (mils)  | 

Norm.  Defl.  (mils/pl) 

3.92  -6.07 

9.99 

0.33 

91.40 

3.59  -5.50 

9.09 

0.30 

3.88  -6.15 

10.03 

0.33 

91.13 

3.63  -5.57 

9.20 

0.30 

3.99  -6.23 

10.22 

0.34 

88.79 

3.62  -5.64 

9.26 

0.31 

4.27  -6.32 

10.59 

0.35 

91.93 

3.80  -5.71 

9.51 

0.32 

4.36  -6.20 

10.56 

0.35 

91.75 

3.87  -5.61 

9.48 

0.32 

Avg 

10.28 

0.34 

90.99 

Avg 

9.31 

0.31 

a 

0.28 

0.01 

G 

0.18 

0.01 

Variance 

0.08 

0.00 

Variance 

0.03 

0.00 

4.13  -6.22 

10.35 

0.34 

3.74  -5.63 

9.37 

0.31 

Average  LT 

92.10 

Figure  110  -  Data  Summary  for  Taxiway  A6  -  Center  Load  Point  -  Years  6-10 
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Figure  Ill  -  Data  Summary  for  Taxiway  A6  -  Center  Load  Point  -  Years  11-15 
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16-20  Years 

File  "D2" 

Load 

Accelerometer  #1 

Goal  |Start  (s) 

Stop  (s) 

Istart  (s) 

Apps.  | 

Peak 

Valley  | 

Peak 

|  Valley 

Defl. (mils)  | 

26,600  app.  (1330  s)  3057 

4395.0 

50  sec  intervals  3100 

150000 

7.14 

2.10 

1.74 

-1.25 

2.99 

@7.1  kips  Test  Time 

1338.0 

3300 

154000 

7.03 

2.03 

1.76 

-1.28 

3.04 

Total  Apps./Period 

26760 

3600 

160000 

7.16 

1.96 

1.84 

-1.38 

3.22 

Total  Apps./Overall 

175900 

3900 

166000 

7.20 

1.88 

1.82 

-1.38 

3.20 

4100 

170000 

7.23 

1.89 

1.81 

-1.37 

3.18 

Avg  Load 

7.15 

Avg 

3.13 

G 

0.08 

G 

0.10 

Variance 

0.01 

Variance 

0.01 

Avg  Reading  for  Entire  Test  Period 

7.15 

1.94 

1.77 

-1.31 

3.08 

%  inc 

Load 

Accelerometer  #1 

Goal  |Start  (s) 

Stop  (s) 

IStart  (s) 

Apps.  | 

Peak 

Valley  | 

Peak 

|Valley 

Defl. (mils)  | 

12,100  app.  (605  s)  4505 

5110.0 

50  sec  intervals  4600 

177800 

16.61 

3.55 

3.19 

-4.00 

7.19 

@  15.9  kips  Test  Time 

605.0 

4700 

179800 

16.64 

3.50 

3.16 

-3.99 

7.15 

Total  Apps./Period 

12100 

4800 

181800 

16.56 

3.57 

3.03 

-3.94 

6.97 

Total  Apps./Overall 

188000 

4900 

183800 

16.64 

3.47 

3.15 

-3.97 

7.12 

5000 

185800 

16.55 

3.58 

3.17 

-3.97 

7.14 

Avg  Load 

16.60 

Avg 

7.11 

g 

0.04 

c 

0.08 

Variance 

0.00 

Variance 

0.01 

Avg  Reading  for  Entire  Test  Period 

16.65 

3.47 

3.25 

-4.05 

7.30 

%  inc 

Load 

(valley  | 

Accelerometer  #1 

|Defl.(mils)  | 

Goal  |Start  (s) 

|Stop  (s) 

1  IStart  (s)  | 

|Apps.  | 

Peak 

Peak 

|Valley 

10,400  app.  (520  s)  5231 

5751.0 

50  sec  intervals  5300 

189380 

30.39 

3.84 

4.80 

-7.14 

11.94 

@31 .6  kips  Test  Time 

520.0 

5400 

191380 

30.30 

4.02 

4.86 

-7.09 

11.95 

Total  Apps./Period 

10400 

5500 

193380 

30.15 

4.12 

4.83 

-7.04 

11.87 

Total  Apps./Overall 

198400 

5600 

195380 

30.08 

4.16 

4.46 

-7.05 

11.51 

5700 

197380 

30.04 

4.12 

4.50 

-7.15 

11.65 

Avg  Load 

30.19 

Avg 

11.78 

g 

0.15 

G 

0.20 

Variance 

0.02 

Variance 

0.04 

Avg  Reading  for  Entire  Test  Period 

30.18 

4.04 

4.70 

-7.08 

11.78 

%  inc 

I  Accelerometer  #2  | 

Peak  |  Valley  |Defl.(mils) 

1.62  -1.16 

1.60  -1.18 

1.68  -1.26 

1.68  -1.27 

1.67  -1.27 

Avg 

Variance 
1.62  -1.21 


|Norm.  Defl.  (mils/pl)  ILTus^)  | 
2.78  0.39  92.98 

2.78  0.40  91.57 

2.94  0.41  91.30 

2.95  0.41  92.19 

2.94  0.41  92.45 

2.90  0.41  92.87 

0.08  0.01 

0.01  0.00 

2.83  0.40 


I  Accelerometer  #2 
Peak  |Valley  |Defl.(mils) 

2.73  -3.71 

2.70  -3.69 

2.61  -3.64 

2.68  -3.65 

2.73  -3.64 

Avg 

Variance 

2.80  -3.74 


|Norm.  Defl.  (mils/pl)  |Z-T us(%)  \ 
6.44  0.39  89.57 

6.39  0.38  89.37 

6.25  0.38  89.67 

6.33  0.38  88.90 

6.37  0.38  89.22 

6.36  0.38  89.34 

0.07  0.00 

0.01  0.00 

6.54  0.39 


I  Accelerometer  #2 
Peak  |Valley  |Defl.(mils) 

4"08  ~^52  1060 

3.96  -6.44  10.40 

4.02  -6.44  10.46 

4.02  -6.48  10.50 

4.12  -6.59  10.71 

Avg  10.53 

<r  0.12 

Variance  0.01 

4.05  -6.47  10.52 


|Norm.  Defl.  (mils/pl) \LTUS(%)  \ 

0.35  88.78 

0.34  87.03 

0.35  88.12 

0.35  91.23 

0.36  91.93 

0.35  89.39 

0.00 
0.00 
0.35 


Average  LT  90.54 


I  Accelerometer  #3 
Peak  |Valley 


|pefl.(mils)  |Norm.  Defl.  (mils/pl)l 


1.47 

1.56 

1.55 

1.54 


-1.06 

-1.07 

-1.14 

-1.14 

-1.15 

Avg 


2.57 

2.54 

2.70 


2.64 

0.08 

0.01 

2.00 


0.36 

0.36 

0.38 

0.37 

0.37 

0.37 

0.01 

0.00 

0.28 


|Accelerometer  #3 

|Valley  ~  Defl.(mils)  |Norm.  Defl.  (mils/pl)l 


Figure  112  -  Data  Summary  for  Taxiway  A6  -  Center  Load  Point  -  Years  16-20 
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Point  #4 


South  Run-Up  Center 


Load 

Accelerometer  #1 

Goal 

|Start  (s)  |Stop  (s) 

| Start  (s)  |Apps.  | 

Peak 

IValley  | 

Peak  IValley 

Defl. (mils)  | 

|26,600  app.  (1330  s) 

7.1  kips  Test  Time 

T otal  Apps./Period 
Total  Apps./Overall 


50  sec  intervals 


Avg  Reading  for  Entire  Test  Period 


3500 

7500 

13500 

19500 

23500 


7.54 

7.62 

7.56 

7.56 

7.60 

7.58 

0.03 

0.00 

7.50 


1.64 

1.62 

1.63 

1.66 

1.63 


1.22 

1.28 

1.26 

1.17 

1.20 


-1.22 

-1.26 

-1.23 

-1.22 

-1.23 

Avg 


2.39 

2.43 

2.46 

0.06 

0.00 


[Load 

Accelerometer  #1 

Goal  |Start  (s)  | 

|Stop  (s)  |  |Start  (s)  |Ap 

ps.  | 

|peak 

Valiey  | 

Peak  IValley 

Defl. (mils)  | 

12,100  app.  (605  s)  1550 

2178.0  50  sec  intervals  1600 

29000 

14.83 

3.18 

2.03  -2.44 

4.47 

@15.9  kips  Test  Time 

628.0  1700 

31000 

14.82 

3.11 

2.03  -2.39 

4.42 

Total  Apps./Period 

12560  1800 

33000 

14.82 

3.02 

2.00  -2.39 

4.39 

Total  Apps./Overall 

40560  1900 

35000 

14.77 

3.11 

1.99  -2.31 

4.30 

2000 

37000 

14.82 

3.02 

2.02  -2.37 

4.39 

Avg  Load 

14.81 

Avg 

4.39 

<s 

0.02 

a 

0.06 

Variance 

0.00 

Variance 

0.00 

Avg  Reading  for  Entire  Test  Period 

14.83 

4.46 

2.02  -2.37 

4.39 

[Goal 


|Start  (s)  |Stop  (s) 


10,400  app.  (520  s)  2320 

@31.6  kips  Test  Time 

Total  Apps./Period 
Total  Apps./Overall 


2835.0 

515.0 

10300 

50860 


|Start  (s)  |Apps.  | 


2350  41160 
2450  43160 
2550  45160 
2650  47160 
2750  49160 


Avg  Reading  for  Entire  Test  Period 


Load 

Peak 

Valley 

31.12 

3.49 

31.08 

3.65 

30.98 

3.66 

30.22 

3.63 

30.30 

3.60 

Avg  Load 

30.74 

a 

0.44 

Variance 

0.20 

30.61 

3.71 

Accelerometer  #1 

Peak  |Valley 

Defl. (mils) 

6.16  -7.85 

14.01 

6.23  -7.29 

13.52 

6.07  -6.93 

13.00 

5.45  -6.75 

12.20 

5.55  -6.83 

12.38 

Avg 

13.02 

a 

0.76 

Variance 

0.58 

5.84  -7.07 

12.91 

Accelerometer  #2 

Accelerometer  #3 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl)|/.Tus(,%)  | 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

1.10 

1.13 

1.13 

1.07 

1.09 


-1.18 

-1.17 

-1.18 

Avg 

Variance 

-1.15 


2.27 

2.34 

2.31 

2.24 

2.27 

2.29 

0.04 

0.00 

2.22 


0.30 

0.31 

0.31 

0.30 

0.30 

0.30 

0.00 

0.00 

0.30 


93.03 

92.13 

92.77 

93.72 

93.42 

93.17 


0.96 

0.98 

0.97 

0.96 

0.95 


-0.99 

Avg 


Variance 

-0.99 


1.94 

1.96 

0.02 

0.00 


0.26 

0.26 

0.26 

0.26 

0.26 

0.26 

0.00 

0.00 

0.26 


Accelerometer  #2 

Accelerometer  #3 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) \LTUS(%)  \ 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

-2.22 

-2.27 

Avg 


4.23 

4.19 

4.16 

4.07 

4.15 

4.16 
0.06 
0.00 
4.15 


0.29 

0.28 

0.28 

0.28 

0.28 

0.28 

0.00 

0.00 

0.28 


94.63 

94.80 

94.76 

94.65 

94.53 

94.67 


1.65 

1.64 

1.62 

1.61 


-1.92 

Avg 


3.61 

3.57 

3.55 

3.49 

3.55 

3.55 

0.04 

0.00 

3.55 


0.24 

0.24 

0.24 

0.24 

0.24 

0.24 

0.00 

0.00 

0.24 


|Accelerometer  #2 
t  |Valley 


Defl.(mils)  |Norm.  Defl.  (mils/pl)|/.rus('%J  | 


-6.36 

-6.44 

Avg 


13.36 

13.15 

12.57 

11.35 

11.45 

12.38 

0.94 

0.88 

12.23 


0.43 

0.42 

0.41 

0.38 

0.38 

0.40 

0.02 

0.00 

0.40 


|Accelerometer  #3 

<  |Valley  |pefl.(mils)  |Norm.  Defl.  (mils/pl)~ 


93.03 

92.49 

95.04 


-6.23 

-6.35 

-6.01 

-5.25 

-5.29 

Avg 


11.11 

11.32 

10.89 

9.54 

9.58 

10.49 

0.86 

0.74 

10.36 


0.36 

0.36 

0.35 

0.32 

0.32 

0.34 

0.02 

0.00 

0.34 


Figure  113  -  Data  Summary  for  South  Run-Up  -  Center  Load  Point  -  Years  1-5 
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6-10  Years 

File  "El" 

Load 

Accelerometer  #1 

Goal  |Start  (s) 

Stop  (s) 

|Start  (s)  |Apps.  | 

Peak 

Valley  | 

Peak 

jValley 

Defl.(mils)  | 

26,600  app.  (1330  s)  2940 

4275.0 

50  sec  intervals  3100 

54060 

7.22 

1.85 

1.11 

-1.19 

2.30 

@7.1  kips  Test  Time 

1335.0 

3300 

58060 

7.24 

1.82 

1.04 

-1.20 

2.24 

Total  Apps  ./Period 

26700 

3600 

64060 

7.24 

1.67 

1.04 

-1.19 

2.23 

Total  Apps./Overall 

77560 

3900 

70060 

7.27 

1.73 

1.08 

-1.21 

2.29 

4100 

74060 

7.28 

1.78 

1.08 

-1.21 

2.29 

Avg  Load 

7.25 

Avg 

2.27 

a 

0.02 

c 

0.03 

Variance 

0.00 

Variance 

0.00 

Avg  Reading  for  Entire  Test  Period 

7.25 

2.00 

1.08 

-1.21 

2.29 

Load 

Accelerometer  #1 

Goal  |Start  (s) 

Stop  (s) 

|Start  (s)  |Apps.  | 

Peak 

Valley  | 

Peak 

jValley 

Defl.(mils)  | 

12,100  app.  (605  s)  4365 

4972.0 

50  sec  intervals  4400 

78260 

15.80 

3.35 

2.34 

-2.84 

5.18 

@  15.9  kips  Test  Time 

607.0 

4500 

80260 

15.82 

3.27 

2.35 

-2.85 

5.20 

Total  Apps  ./Period 

12140 

4600 

82260 

15.86 

3.29 

2.39 

-2.86 

5.25 

Total  Apps./Overall 

89700 

4700 

84260 

15.78 

3.35 

2.35 

-2.88 

5.23 

4800 

86260 

15.81 

3.26 

2.35 

-2.89 

5.24 

Avg  Load 

15.81 

Avg 

5.22 

o 

0.03 

a 

0.03 

Variance 

0.00 

Variance 

0.00 

Avg  Reading  for  Entire  Test  Period 

15.78 

4.04 

2.34 

-2.85 

5.19 

Load 

(valley  | 

Accelerometer  #1 

|Defl.(mils)  | 

Goal  |Start  (s) 

|Stop  (s) 

|Start  (s)  |Apps.  | 

Peak 

Peak 

jValley 

10,400  app.  (520  s)  5095 

5615.0 

50  sec  intervals  5150 

90800 

30.53 

5.18 

5.63 

-6.68 

12.31 

@31.6  kips  Test  Time 

520.0 

5250 

92800 

30.51 

5.41 

5.73 

-6.80 

12.53 

Total  Apps  ./Period 

10400 

5350 

94800 

30.55 

5.34 

5.86 

-7.07 

12.93 

Total  Apps./Overall 

100100 

5450 

96800 

30.55 

5.25 

5.90 

-7.11 

13.01 

5550 

98800 

30.43 

5.16 

5.91 

-7.18 

13.09 

Avg  Load 

30.51 

Avg 

12.77 

a 

0.05 

<7 

0.34 

Variance 

0.00 

Variance 

0.11 

Avg  Reading  for  Entire  Test  Period 

30.48 

3.73 

5.78 

-6.89 

12.67 

Accelerometer  #2 

Accelerometer  #3 

Peak  |Valley 

Defl.(mils)  |Norm.  Defl 

(mils/pl)|L7 us(%)  | 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

0.97  -1.12 

2.09 

0.29 

90.87 

0.85  -0.95 

1.80 

0.25 

0.94  -1.15 

2.09 

0.29 

93.30 

0.82  -0.95 

1.77 

0.24 

0.94  -1.13 

2.07 

0.29 

92.83 

0.83  -0.95 

1.78 

0.25 

0.97  -1.13 

2.10 

0.29 

91.70 

0.83  -0.95 

1.78 

0.24 

0.97  -1.15 

2.12 

0.29 

92.58 

0.83  -0.94 

1.77 

0.24 

Avg 

2.10 

0.29 

92.29 

Avg 

1.78 

0.25 

o 

0.02 

0.00 

o 

0.01 

0.00 

Variance 

0.00 

0.00 

Variance 

0.00 

0.00 

0.96  -1.13 

2.09 

0.29 

0.83  -0.94 

1.77 

0.24 

Accelerometer  #2 

Accelerometer  #3 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl 

(mils/pl)|L7 

unw\ 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

2.17  -2.71 

4.88 

0.31 

94.21 

1.86  -2.26 

4.12 

0.26 

2.19  -2.71 

4.90 

0.31 

94.23 

1.88  -2.26 

4.14 

0.26 

2.22  -2.71 

4.93 

0.31 

93.90 

1.91  -2.25 

4.16 

0.26 

2.18  -2.72 

4.90 

0.31 

93.69 

1.87  -2.26 

4.13 

0.26 

2.19  -2.72 

4.91 

0.31 

93.70 

1.88  -2.25 

4.13 

0.26 

Avg 

4.90 

0.31 

93.95 

Avg 

4.14 

0.26 

a 

0.02 

0.00 

a 

0.02 

0.00 

Variance 

0.00 

0.00 

Variance 

0.00 

0.00 

2.18  -2.70 

4.88 

0.31 

1.87  -2.25 

4.12 

0.26 

|Accelerometer  #2 

|Accelerometer  #3 

[Peak  |Valley 

Defl. (mils)  |Norm.  Defl. 

(mils/pl)  |/-7 us(%)  | 

|peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

5.20  -6.36 

11.56 

0.38 

93.91 

4.45  -5.21 

9.66 

0.32 

5.25  -6.47 

11.72 

0.38 

93.54 

4.45  -5.27 

9.72 

0.32 

5.33  -6.69 

12.02 

0.39 

92.96 

4.48  -5.52 

10.00 

0.33 

5.39  -6.74 

12.13 

0.40 

93.24 

4.50  -5.54 

10.04 

0.33 

5.42  -6.89 

12.31 

0.40 

94.04 

4.53  -5.53 

10.06 

0.33 

Avg 

11.95 

0.39 

93.53 

Avg 

9.90 

0.32 

a 

0.30 

0.01 

a 

0.19 

0.01 

Variance 

0.09 

0.00 

Variance 

0.04 

0.00 

5.30  -6.56 

11.86 

0.39 

4.47  -5.35 

9.82 

0.32 

Average  LT 

93.26 

Figure  114  -  Data  Summary  for  South  Run-Up  -  Center  Load  Point  -  Years  6-10 
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11 -15  Years 

File  ME2" 

Load 

Accelerometer  #1 

Goal  |Start  (s) 

Stop  (s) 

IStart  (s) 

Apps.  | 

Peak 

Valley  | 

Peak 

|Valley 

Defl.(mils) 

26,600  app.  (1330  s)  133 

1521.0 

50  sec  intervals  200 

101440 

7.32 

1.99 

1.12  -1.22 

2.34 

@7.1  kips  Test  Time 

1388.0 

400 

105440 

7.34 

1.99 

1.13  -1.23 

2.36 

Total  Apps./Period 

27760 

700 

111440 

7.38 

1.94 

1.13  -1.25 

2.38 

Total  Apps./Overall 

127860 

1000 

117440 

7.40 

1.96 

1.12  -1.23 

2.35 

1200 

121440 

7.44 

1.92 

1.11  -1.24 

2.35 

Avg  Load 

7.38 

Avg 

2.36 

<7 

0.05 

<7 

0.02 

Variance 

0.00 

Variance 

0.00 

Avg  Reading  for  Entire  Test  Period 

7.34 

1.99 

1.10  -1.22 

2.32 

Load 

Accelerometer  #1 

Goal  |Start  (s) 

Stop  (s) 

|start  (s) 

Apps.  | 

Peak 

Valley  | 

Peak 

|Valley 

Defl.(mils) 

12,100  app.  (605  s)  1550 

2164.0 

50  sec  intervals  1 600 

128860 

15.56 

3.97 

2.32  -2.87 

5.19 

@15.9  kips  Test  Time 

614.0 

1700 

130860 

15.50 

3.94 

2.35  -2.86 

5.21 

Total  Apps./Period 

12280 

1800 

132860 

15.56 

3.90 

2.33  -2.85 

5.18 

Total  Apps./Overall 

140140 

1900 

134860 

15.55 

3.93 

2.33  -2.84 

5.17 

2000 

136860 

15.60 

3.85 

2.34  -2.86 

5.20 

Avg  Load 

15.55 

Avg 

5.19 

o 

0.04 

<7 

0.02 

Variance 

0.00 

Variance 

0.00 

Avg  Reading  for  Entire  Test  Period 

15.56 

3.93 

2.33  -2.84 

5.17 

Load 

(valley  | 

Accelerometer  #1 

Goal  |Start  (s) 

|Stop  (s)  | 

1  IStart  (s)  | 

|Apps.  | 

Peak 

Peak 

|Valley 

Defl. (mils)  | 

10,400  app.  (520  s)  2320 

2830.0 

50  sec  intervals  2350 

140740 

30.44 

3.33 

5.82  -7.08 

12.90 

@31.6  kips  Test  Time 

510.0 

2450 

142740 

29.89 

3.81 

5.40  -6.66 

12.06 

Total  Apps./Period 

10200 

2550 

144740 

29.89 

3.82 

5.34  -6.45 

11.79 

Total  Apps./Overall 

150340 

2650 

146740 

29.82 

3.81 

5.33  -6.35 

11.68 

2750 

148740 

29.89 

3.83 

5.36  -6.31 

11.67 

Avg  Load 

29.99 

Avg 

12.02 

c 

0.26 

a 

0.52 

Variance 

0.07 

Variance 

0.27 

Avg  Reading  for  Entire  Test  Period 

29.98 

3.71 

5.46  -6.58 

12.04 

Accelerometer  #2 

Accelerometer  #3 

Peak 

Valley 

Defl.(mils)  |Norm.  Defl.  (mils/pl)|L7 

znm 

Peak  |Valley 

Defl. (mils) 

Norm.  Defl.  (mils/pl) 

1.00 

-1.17 

2.17  0.30 

92.74 

0.85  -0.98 

1.83 

0.25 

1.01 

-1.18 

2.19  0.30 

92.80 

0.86  -0.98 

1.84 

0.25 

1.01 

-1.20 

2.21  0.30 

92.86 

0.86  -0.99 

1.85 

0.25 

1.01 

-1.18 

2.19  0.30 

93.19 

0.86  -0.99 

1.85 

0.25 

1.02 

-1.19 

2.21  0.30 

94.04 

0.87  -0.99 

1.86 

0.25 

Avg 

2.20  0.30 

93.38 

Avg 

1.85 

0.25 

a 

0.01  0.00 

a 

0.01 

0.00 

Variance 

0.00  0.00 

Variance 

0.00 

0.00 

0.99 

-1.16 

2.15  0.29 

0.84  -0.97 

1.81 

0.25 

Accelerometer  #2 

Accelerometer  #3 

Peak 

Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl)|LT 

iHEI 

Peak  |Valley 

Defl. (mils) 

Norm.  Defl.  (mils/pl) 

2.15 

-2.71 

4.86  0.31 

93.64 

1.86  -2.23 

4.09 

0.26 

2.18 

-2.72 

4.90  0.32 

94.05 

1.86  -2.25 

4.11 

0.27 

2.16 

-2.72 

4.88  0.31 

94.21 

1.85  -2.26 

4.11 

0.26 

2.16 

-2.71 

4.87  0.31 

94.20 

1.85  -2.25 

4.10 

0.26 

2.17 

-2.72 

4.89  0.31 

94.04 

1.86  -2.26 

4.12 

0.26 

Avg 

4.88  0.31 

94.03 

Avg 

4.11 

0.26 

(7 

0.02  0.00 

<5 

0.01 

0.00 

Variance 

0.00  0.00 

Variance 

0.00 

0.00 

2.86 

-3.50 

6.36  0.41 

1 .85  -2.25 

4.10 

0.26 

Accelerometer  #2 

|Defl.(mils)  |Norm.  Defl.  (mils/pl)|LT 

Accelerometer  #3 

|  Defl. (mils) 

Peak 

Valley 

Peak  |Valley 

|Norm.  Defl.  (mils/pl) 

5.44 

-6.92 

12.36  0.41 

95.81 

4.58  -5.64 

10.22 

0.34 

5.07 

-6.56 

11.63  0.39 

96.43 

4.33  -5.44 

9.77 

0.33 

5.00 

-6.39 

11.39  0.38 

96.61 

4.31  -5.37 

9.68 

0.32 

5.00 

-6.27 

11.27  0.38 

96.49 

4.27  -5.31 

9.58 

0.32 

5.00 

-6.09 

11.09  0.37 

95.03 

4.29  -5.14 

9.43 

0.32 

Avg 

11.55  0.39 

96.07 

Avg 

9.74 

0.32 

<7 

0.49  0.01 

a 

0.30 

0.01 

Variance 

0.24  0.00 

Variance 

0.09 

0.00 

5.11 

-6.45 

11.56  0.39 

4.36  -5.39 

9.75 

0.33 

Average  LT 

94.49 

Figure  115  -  Data  Summary  for  South  Run-Up  -  Center  Load  Point  -  Years  11- 
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16-20  Years 

File  "E2" 

Load 

Accelerometer  #1 

Goal  |Start  (s) 

Stop  (s) 

|Start  (s)  |Apps.  | 

Peak 

Valley  | 

Peak 

|Valley 

Defl.(mils)  | 

26,600  app.  (1330  s)  2960 

4305.0 

50  sec  intervals  3100 

153140 

7.31 

1.95 

1.11 

-1.21 

2.32 

@  7.1  kips  Test  Time 

1345.0 

3300 

157140 

7.39 

1.88 

1.15 

-1.24 

2.39 

Total  Apps./Period 

26900 

3600 

163140 

7.40 

1.89 

1.13 

-1.25 

2.38 

Total  Apps./Overall 

177240 

3900 

169140 

7.41 

1.88 

1.13 

-1.25 

2.38 

4100 

173140 

7.44 

1.86 

1.12 

-1.26 

2.38 

Avg  Load 

7.39 

Avg 

2.37 

a 

0.05 

o 

0.03 

Variance 

0.00 

Variance 

0.00 

Avg  Reading  for  Entire  Test  Period 

7.38 

1.90 

1.13 

-1.24 

2.37 

%  inc 

Load 

Accelerometer  #1 

Goal  |Start  (s) 

Stop  (s) 

|Start  (s)  |Apps.  | 

Peak 

Valley  | 

Peak 

|Valley 

Defl.(mils)  | 

12,100  app.  (605  s)  4397 

5007.0 

50  sec  intervals  4450 

178300 

16.62 

3.55 

2.63 

-3.23 

5.86 

@15.9  kips  Test  Time 

610.0 

4550 

180300 

16.59 

3.50 

2.60 

-3.17 

5.77 

Total  Apps./Period 

12200 

4650 

182300 

16.67 

3.57 

2.64 

-3.23 

5.87 

Total  Apps./Overall 

189440 

4750 

184300 

16.62 

3.47 

2.62 

-3.21 

5.83 

4850 

186300 

16.57 

3.58 

2.62 

-3.16 

5.78 

Avg  Load 

16.61 

Avg 

5.82 

a 

0.04 

o 

0.05 

Variance 

0.00 

Variance 

0.00 

Avg  Reading  for  Entire  Test  Period 

16.59 

3.31 

2.62 

-3.19 

5.81 

%  inc 

Load 

[valley  | 

Accelerometer  #1 

|Defl.(mils)  | 

Goal  |Start  (s) 

|Stop  (s) 

|Start  (s)  |Apps.  | 

Peak 

Peak 

|Valley 

10,400  app.  (520  s)  5115 

5635.0 

50  sec  intervals  5150 

190140 

29.89 

3.13 

5.82 

-6.46 

12.28 

@31.6  kips  Test  Time 

520.0 

5250 

192140 

29.98 

4.17 

5.27 

-6.42 

11.69 

Total  Apps./Period 

10400 

5350 

194140 

29.97 

4.20 

5.35 

-6.56 

11.91 

Total  Apps./Overall 

199840 

5450 

196140 

29.90 

4.35 

5.35 

-6.58 

11.93 

5550 

198140 

29.97 

4.29 

5.44 

-6.73 

12.17 

Avg  Load 

29.94 

Avg 

12.00 

a 

0.04 

o 

0.23 

Variance 

0.00 

Variance 

0.05 

Avg  Reading  for  Entire  Test  Period 

30.18 

4.04 

5.36 

-6.49 

11.85 

%  inc 

Accelerometer  #2 

Accelerometer  #3 

Peak  |Valley 

Defl.(mils)  |Norm.  Defl 

(mils/pl)|LT 

M] 

Peak  |Valley 

Defl. (mils)  |Norm. 

Defl.  (mils/pl) 

0.99 

-1.16 

2.15 

0.29 

92.67 

0.85  -0.96 

1.81 

0.25 

1.02 

-1.20 

2.22 

0.30 

92.89 

0.86  -0.98 

1.84 

0.25 

1.02 

-1.19 

2.21 

0.30 

92.86 

0.88  -0.98 

1.86 

0.25 

1.02 

-1.19 

2.21 

0.30 

92.86 

0.88  -0.99 

1.87 

0.25 

1.02 

-1.21 

2.23 

0.30 

93.70 

0.87  -0.99 

1.86 

0.25 

Avg 

2.22 

0.30 

93.57 

Avg 

1.85 

0.25 

G 

0.01 

0.00 

G 

0.02 

0.00 

Variance 

0.00 

0.00 

Variance 

0.00 

0.00 

1.01 

-1.18 

2.19 

0.30 

0.87  -0.98 

1.85 

0.25 

Accelerometer  #2 

Accelerometer  #3 

Peak  jValley 

Defl. (mils)  |Norm.  Defl 

(mils/pl)  |L7 

znw\ 

Peak  |  Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

2.44 

-3.08 

5.52 

0.33 

94.20 

2.09  -2.55 

4.64 

0.28 

2.42 

-3.03 

5.45 

0.33 

94.45 

2.08  -2.53 

4.61 

0.28 

2.44 

-3.09 

5.53 

0.33 

94.21 

2.10  -2.58 

4.68 

0.28 

2.43 

-3.06 

5.49 

0.33 

94.17 

2.07  -2.55 

4.62 

0.28 

2.42 

-3.01 

5.43 

0.33 

93.94 

2.08  -2.51 

4.59 

0.28 

Avg 

5.48 

0.33 

94.19 

Avg 

4.63 

0.28 

G 

0.04 

0.00 

n 

0.03 

0.00 

Variance 

0.00 

0.00 

Variance 

0.00 

0.00 

2.43 

-3.04 

5.47 

0.33 

2.08  -2.53 

4.61 

0.28 

Accelerometer  #2 

|Defl.(mils)  |Norm.  Defl. 

Accelerometer  #3 

Peak  |Valley 

(mils/pl)  |LT 

~( w\ 

Peak  |Valley 

Defl. (mils)  |Norm. 

Defl.  (mils/pl) 

5.41 

-6.28 

11.69 

0.39 

95.20 

4.59  -5.35 

9.94 

0.33 

4.90 

-6.15 

11.05 

0.37 

94.53 

4.16  -5.04 

9.20 

0.31 

4.91 

-6.23 

11.14 

0.37 

93.53 

4.16  -5.04 

9.20 

0.31 

4.88 

-6.23 

11.11 

0.37 

93.13 

4.12  -5.06 

9.18 

0.31 

4.95 

-6.34 

11.29 

0.38 

92.77 

4.14  -5.16 

9.30 

0.31 

Avg 

11.26 

0.38 

93.83 

Avg 

9.36 

0.31 

G 

0.26 

0.01 

a 

0.33 

0.01 

Variance 

0.07 

0.00 

Variance 

0.11 

0.00 

4.94 

-6.19 

11.13 

0.37 

4.18  -5.08 

9.26 

0.31 

Average  LT 

93.86 

Figure  116 


Data  Summary  for  South  Run-Up  -  Center  Load  Point  -  Years  16- 
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Point  #5 


South  Run-Up  Corner 


Goal  |Start  (s) 

|Stop  (s) 

|start  (s) 

Apps. 

26,600  app.  (1330  s)  17 

1104.0 

50  sec  intervals 

50 

660 

@7.1  kips  Test  Time 

1087.0 

250 

4660 

Total  Apps./Period 

21740 

550 

10660 

Total  Apps./Overal 

21740 

850 

16660 

1050 

20660 

Avg  Reading  for  Entire  Test  Period 

Goal  |Start  (s) 

|Stop  (s) 

|Start  (s) 

|Apps. 

12,100  app.  (605  s)  1250 

1910.0 

50  sec  intervals 

1300 

22740 

@15.9  kips  Test  Time 

660.0 

1400 

24740 

Total  Apps./Period 

13200 

1500 

26740 

Total  Apps./Overall 

34940 

1600 

28740 

1700 

30740 

Avg  Reading  for  Entire  Test  Period 

Goal  |Start  (s) 

|Stop  (s) 

|Start  (s) 

|Apps. 

10,400  app.  (520  s)  2140 

@31 .6  kips  Test  Time 

Total  Apps./Period 
Total  Apps./Overall 


2660.0 

520.0 

10400 

45340 


2200  36140 
2300  38140 
2400  40140 
2500  42140 
2600  44140 


7.20 

0.11 

0.01 

7.19 


Load 

|Accelerometer  #1 

Peak 

Vafiey  | 

[Peak  iValley 

Defl.(mils)  | 

7.05 

2.82 

1.84 

-2.02 

3.86 

7.13 

2.78 

1.66 

-2.28 

3.94 

7.27 

2.63 

1.74 

-2.12 

3.86 

7.27 

2.62 

1.75 

-2.07 

3.82 

7.29 

2.59 

1.81 

-2.18 

3.99 

Avg  Reading  for  Entire  Test  Period 


Load 

Accelerometer  #1 

I 

Peak 

Valley  | 

Peak  IValley 

Defl.(mils) 

15.68 

4.24 

3.45  -5.10 

8.55 

16.01 

4.23 

3.47  -5.06 

8.53 

15.98 

4.25 

3.42  -5.00 

8.42 

16.03 

4.17 

3.45  -5.21 

8.66 

16.00 

4.24 

3.47  -5.28 

8.75 

Avg  Load 

15.94 

Avg 

8.58 

<7 

0.15 

a 

0.13 

Variance 

0.02 

Variance 

0.02 

15.91 

4.42 

3.44  -5.13 

8.57 

Load 

|valley  | 

Accelerometer  #1 

|Defl.(mils)  | 

] 

Peak 

Peak  IValley 

30.97 

5.09 

8.13  -12.14 

20.27 

31.01 

5.05 

8.16  -11.36 

19.52 

30.98 

5.00 

8.14  -11.38 

19.52 

30.88 

5.17 

8.12  -11.50 

19.62 

30.89 

5.18 

8.24  -11.95 

20.19 

Avg  Load 

30.95 

Avg 

19.82 

a 

0.06 

<J 

0.37 

Variance 

0.00 

Variance 

0.14 

30.93 

5.09 

8.14  -11.75 

19.89 

Accelerometer  #2 

Accelerometer  #3 

Peak 

Valley 

Defl.(mils)  |Norm.  Defl.  (mils/pl)|LT 

Peak  |Valley 

Defl.(mils)  |Norm.  Defl.  (mils/pl) 

1.52 

-1.54 

3.06  0.43 

79.27 

1.28  -1.29 

2.57 

0.36 

1.48 

-1.50 

2.98  0.42 

75.63 

1.22  -1.26 

2.48 

0.35 

1.43 

-1.61 

3.04  0.42 

78.76 

1.17  -1.35 

2.52 

0.35 

1.38 

-1.58 

2.96  0.41 

77.49 

1.14  -1.32 

2.46 

0.34 

1.38 

-1.63 

3.01  0.41 

75.44 

1.13  -1.35 

2.48 

0.34 

Avg 

3.00  0.42 

76.98 

Avg 

2.50 

0.35 

a 

0.04  0.01 

<T 

0.04 

0.01 

Variance 

0.00  0.00 

Variance 

0.00 

0.00 

1.44 

-1.57 

3.01  0.42 

1.20  -1.32 

2.52 

0.35 

Accelerometer  #2 

Accelerometer  #3 

Peak 

Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl)|L7 

us  (%)  | 

Peak  |Valley 

Defl. (mils) 

Norm.  Defl.  (mils/pl) 

3.02 

-3.98 

7.00  0.45 

81.87 

2.47  -3.25 

5.72 

0.36 

2.99 

-4.03 

7.02  0.44 

82.30 

2.47  -3.33 

5.80 

0.36 

2.95 

-3.88 

6.83  0.43 

81.12 

2.44  -3.23 

5.67 

0.35 

2.93 

-3.91 

6.84  0.43 

78.98 

2.44  -3.25 

5.69 

0.35 

2.95 

-3.86 

6.81  0.43 

77.83 

2.44  -3.18 

5.62 

0.35 

Avg 

6.90  0.43 

80.40 

Avg 

5.70 

0.36 

<7 

0.10  0.01 

c 

0.07 

0.01 

Variance 

0.01  0.00 

Variance 

0.00 

0.00 

2.96 

-3.90 

6.86  0.43 

2.44  -3.22 

5.66 

0.36 

Accelerometer  #2 

loefl.fmils)  |Norm.  Defl.  (mils/pl)|L7 

Accelerometer  #3 

(oefiTmUs)  | 

Peak 

Valley 

us  (%)  | 

Peak  |Valley 

Norm.  Defl.  (mils/pl) 

6.88 

-9.76 

16.64  0.54 

82.09 

5.74  -7.75 

13.49 

0.44 

6.99 

-10.02 

17.01  0.55 

87.14 

5.74  -7.94 

13.68 

0.44 

7.06 

-10.07 

17.13  0.55 

87.76 

5.73  -8.00 

13.73 

0.44 

6.94 

-9.75 

16.69  0.54 

85.07 

5.75  -8.04 

13.79 

0.45 

7.03 

-9.67 

16.70  0.54 

82.71 

5.78  -8.06 

13.84 

0.45 

Avg 

16.83  0.54 

84.92 

Avg 

13.71 

0.44 

o 

0.22  0.01 

<7 

0.14 

0.00 

Variance 

0.05  0.00 

Variance 

0.02 

0.00 

6.97 

-9.81 

16.78  0.54 

5.74  -7.90 

13.64 

0.44 

Average  LT 

80.77 

Figure  117  -  Data  Summary  for  South  Run-Up  -  Corner  Load  Point  -  Years  1-5 
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Goal 


26,600  app.  (1330  s)  2865 

7.1  kips  TestTime 

Total  Apps./Period 
Total  Apps./Overall 


Load 

Accelerometer  #1 

Goal 

|Start  (s)  |Stop  (s) 

IStart  (s)  |Apps.  | 

Peak 

Valley  | 

Peak  |Valley 

Defl. (mils)  | 

|Start  (s)  |Stop  (s) 


4196.0 

1331.0 

26620 

71960 


|Start  (s)  |Apps.  | 

50  sec  intervals  3000 


3200 

3500 

3800 

4000 


48040 

52040 

58040 

64040 

68040 


Load 

Peak 


Avg  Reading  for  Entire  Test  Period 


7.03 

7.05 

7.20 

7.15 

7.17 

7.12 
0.08 
0.01 

7.13 


[valley  | 


2.28 

2.26 

2.23 

2.22 

2.22 


Accelerometer  #1 

Peak  |  Valley 

Defl. (mils)  | 

1.82 

1.78 

1.72 

1.78 

1.78 


-2.39 
-2.40 
-2.39 
-2.39 
-2.40 
Avg 

Variance 

-2.39 


4.21 

4.18 

4.11 

4.17 

4.18 
4.17 
0.04 
0.00 
4.15 


12,100  app.  (605  s)  4320 

15.9  kips  TestTime 

Total  Apps./Period 
Total  Apps./Overall 


4926.0 

606.0 

12120 


50  sec  intervals 


4400  73560 
4500  75560 
4600  77560 
4700  79560 
4800  81560 


Avg  Reading  for  Entire  Test  Period 


15.91 

15.99 

15.93 

15.79 

15.81 

15.89 

0.08 

0.01 

15.87 


3.35 

3.27 

3.29 

3.35 

3.26 


3.45 
3.57 
3.51 

3.46 
3.46 


-5.33 

-5.53 

-5.54 

-5.47 

-5.47 

Avg 


8.78 

9.10 

9.05 

8.93 

8.93 

8.96 

0.12 

0.02 


Load 

Accelerometer  #1 

Goal  |Start  (s) 

Stop  (s) 

|Start  (s)  |Ap 

ps.  | 

Peak 

Valley  | 

Peak  |Valley 

Defl. (mils) 

10,400  app.  (520  s)  5120 

5626.0 

50  sec  intervals  5150 

84680 

31.05 

4.64 

8.25  -12.33 

20.58 

@31.6  kips  TestTime 

506.0 

5250 

86680 

31.34 

4.79 

8.08  -11.30 

19.38 

Total  Apps./Period 

10120 

5350 

88680 

31.47 

4.75 

8.15  -11.20 

19.35 

Total  Apps./Overall 

94200 

5450 

90680 

31.46 

4.75 

8.11  -11.29 

19.40 

5550 

92680 

31.40 

4.80 

8.07  -11.71 

19.78 

Avg  Load 

31.34 

Avg 

19.70 

0.17 

G 

0.52 

Variance 

0.03 

Variance 

0.27 

Avg  Reading  for  Entire  Test  Period 

31.30 

4.71 

8.11  -11.54 

19.65 

Accelerometer  #2 

Accelerometer  #3 

Peak  |  Valley 

Defl. (mils)  |Norm.  Defl.  (milslpl)\LT  us(%)  | 

Peak  jValley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

1.35 

1.29 

1.34 


-1.55 

-1.61 

-1.59 

-1.57 

-1.57 

Avg 


0.41 

0.43 

0.41 

0.40 

0.41 

0.41 

0.01 


68.65 

72.25 

71.53 

68.59 

69.62 

70.32 


1.53 

1.09 


1.03 

1.03 


-1.85 

-1.31 

-1.29 

-1.27 

-1.27 

Avg 


3.38 

2.40 
2.37 
2.30 
2.30 
2.55 
0.47 
0.22 

2.41 


0.48 

0.34 

0.33 

0.32 

0.32 

0.36 

0.07 

0.00 

0.34 


Accelerometer  #2 

Accelerometer  #3 

Peak  |  Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) |/-TUS(%)  | 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

-3.72 

-3.69 

Avg 


7.02 

6.81 

6.58 

6.54 

6.75 

0.19 

0.04 

6.73 


0.43 

0.44 

0.43 

0.42 

0.41 

0.42 

0.01 

0.00 

0.42 


77.45 

77.14 

75.25 

73.68 

73.24 

75.35 


2.36 
2.40 

2.37 
2.32 
2.30 


-3.23 

-3.33 

-3.21 

-3.03 


Variance 

-3.15 


5.59 

5.73 

5.58 

5.35 

5.29 

5.51 

0.18 

0.03 

5.49 


0.35 

0.36 

0.35 

0.34 

0.33 

0.35 

0.01 

0.00 

0.35 


|Accelerometer  #2 
|Valley 


6.74 
6.69 

6.78 

6.79 

6.75 


|Defl.(mils)  |Norm.  Defl.  (mils/pl)  |/-Tus/%)  | 

-  79.25 

85.81 
84.08 
82.94 
79.98 
82.36 


Variance 

-9.34 


16.31 

16.63 

16.27 

16.09 

15.82 

16.22 

0.30 

0.09 

16.07 


0.53 

0.53 

0.52 

0.51 

0.50 

0.52 

0.01 

0.00 

0.51 


|Accelerometer  #3 
t  |Valley 


|Defl.(mils)  |Norm.  Defl.  (mils/pl~ 


5.53 

5.55 

5.51 


■7.50 

Avg 


Variance 

-7.48 


12.93 

12.97 

13.08 

13.04 

13.01 

13.01 

0.06 

0.00 

12.97 


0.42 

0.41 

0.42 

0.41 

0.41 

0.41 

0.00 

0.00 

0.41 


Figure  118  -  Data  Summary  for  South  Run-Up  -  Corner  Load  Point  -  Years  6- 

10 
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Goal 


|26,600  app.  (1330  s) 

7.1  kips  TestTime 

Total  Apps./Period 
Total  Apps./Overall 


Goal 


|Start  (s)  |Stop  (s) 


1389.0 

1335.0 

26700 

120900 


|Start  (s)  |Apps.  | 

50  sec  intervals  200  97120 

400  101120 

700  107120 

1000  113120 

1200  117120 


Avg  Reading  for  Entire  Test  Period 


12,100  app.  (605  s)  1495 

15.9  kips  TestTime 

Total  Apps./Period 
Total  Apps./Overall 


|Start  (s)  |Stop  (s) 


2100.0 

605.0 

12100 

133000 


1700 

1800 

1900 

2000 


123000 

125000 

127000 

129000 

131000 


Avg  Reading  for  Entire  Test  Period 


Goal 


1 10,400  app.  (520  s)  2220 

31.6  kips  TestTime 

Total  Apps./Period 
Total  Apps./Overall 


|Start  (s)  |Stop  (s)  ~| 


2740.0 

520.0 

10400 

143400 


2350 

2450 

2550 

2650 


133600 

135600 

137600 

139600 

141600 


Avg  Reading  for  Entire  Test  Period 


|Start  (s)  |Apps.  | 

50  sec  intervals  1600 


|Start  (s)  |Apps.  | 

50  sec  intervals  2250 


Load 

1 

Peak 

Valley  | 

7.08 

2.13 

7.23 

2.12 

7.26 

2.07 

7.25 

2.12 

7.28 

2.05 

Avg  Load 

7.22 

g 

0.08 

Variance 

0.01 

7.21 

2.05 

Load 

[valley  | 

I 

Peak 

16.57 

3.23 

16.58 

3.21 

16.59 

3.15 

16.60 

3.17 

16.70 

3.10 

Avg  Load 

16.61 

g 

0.05 

Variance 

0.00 

16.56 

3.17 

Load 

[valley  | 

I 

Peak 

30.68 

3.97 

30.80 

4.64 

30.21 

5.27 

30.07 

5.36 

30.02 

5.34 

Avg  Load 

30.36 

g 

0.36 

Variance 

0.13 

30.27 

4.96 

Accelerometer  #1 

Peak  |  Valley 

Defl. (mils) 

1.73  -2.32 

4.05 

1.72  -2.36 

4.08 

1.70  -2.44 

4.14 

1.71  -2.30 

4.01 

1.71  -2.33 

4.04 

Avg 

4.06 

a 

0.05 

Variance 

0.00 

1.72  -2.36 

4.08 

Accelerometer  #1 

Peak  |Valley 

Defl. (mils) 

3.97  -5.87 

9.84 

4.00  -6.01 

10.01 

4.00  -6.08 

10.08 

4.02  -6.09 

10.11 

4.00  -6.10 

10.10 

Avg 

10.03 

G 

0.11 

Variance 

0.01 

3.98  -5.97 

9.95 

Accelerometer  #1 

[Defl. (mils)  | 

Peak  |Valley 

8.11  -11.49 

19.60 

7.93  -10.95 

18.88 

7.38  -10.45 

17.83 

7.38  -10.64 

18.02 

7.36  -10.87 

18.23 

Avg 

18.51 

G 

0.73 

Variance 

0.53 

7.57  -10.76 

18.33 

Accelerometer  #2 

Accelerometer  #3 

Peak  jValley 

Defl. (mils)  |Norm.  Defl.  (mils/pl)  |Lrus(%;  | 

Peak  |  Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

1.32 

1.32 

1.28 


-1.46 

-1.46 

-1.49 

-1.43 

-1.43 

Avg 


2.78 

2.78 

2.77 

2.71 

2.72 

2.75 
0.04 
0.00 

2.76 


0.39 

0.38 

0.38 

0.37 

0.37 

0.38 

0.01 

0.00 

0.38 


68.64 

68.14 

66.98 

67.58 

67.33 

67.56 


1.04 

1.07 

1.04 

1.03 

1.04 


-1.20 

-1.20 

-1.21 

-1.17 

-1.18 

Avg 


2.24 
2.27 

2.25 
2.20 
2.22 
2.24 
0.03 
0.00 
2.23 


0. 32 1 
0.31 
0.31 
0.30| 
0.3o| 
0.31 
0.01 


Accelerometer  #2 

Accelerometer  #3 

Peak  jValley  Defl. (mils)  |Norm.  Defl.  (mils/pl) \LTUS(%)  \ 

Peak  jValley  Defl. (mils)  jNorm.  Defl.  (mils/pl) 

3.15 

3.14 

3.10 

3.10 


-4.00 

-4.07 

Avg 

Variance 

-3.49 


7.16 

7.12 

7.08 

7.10 

7.16 

7.12 

0.04 

0.00 

6.32 


0.43 

0.43 

0.43 

0.43 

0.43 

0.43 

0.00 

0.00 

0.38 


72.76 

71.13 

70.24 

70.23 

70.89 

71.04 


2.56 

2.54 

2.55 

2.52 

2.53 


-3.34 

-3.29 

-3.23 

-3.22 

-3.27 

Avg 

Variance 

-3.27 


5.90 

5.83 

5.78 

5.74 

5.80 

5.81 
0.06 
0.00 
5.81 


0.36 

0.35 

0.35 

0.35 

0.35 

0.35 

0.00 

0.00 

0.35 


|Accelerometer  #2 
|Valley 


6.65 

6.56 

5.30 

6.01 


-9.13 
-8.85 
-6.63 
-7.68 
-7.59 
Avg 

Variance 

-8.00 


|Defl.(mils)  |Norm.  Defl.  (mils/pl)  |/-’ros('%J'| 


15.78 

15.41 

11.93 

13.69 

13.44 

14.05 

1.57 

2.46 

14.10 


0.51 

0.50 

0.39 

0.46 

0.45 

0.46 

0.05 

0.00 

0.47 


80.51 

81.62 

66.91 

75.97 

73.72 

75.90 


|Accelerometer  #3 

|Valley 


5.34 

5.32 

5.11 

5.01 


-7.29 

-7.18 

-6.69 

-6.46 

-6.24 

Avg 

Variance 

-6.71 


|Defi.(mils)  | Norm.  Defl.  (mils/pl~ 


12.63 

12.50 

11.80 

11.47 

11.19 

11.92 

0.63 

0.40 

11.83 


0.41 

0.41 

0.39 

0.38 

0.37 

0.39 

0.02 


Figure  119  -  Data  Summary  for  South  Run-Up  -  Corner  Load  Point  -  Years  11- 


15 


213 


16-20  Years 

File  "F3" 

Load 

Accelerometer  #1 

Goal  |Start  (s) 

Stop  (s) 

|Start  (s)  |Apps.  | 

Peak 

Valley  | 

Peak 

|Valley 

Defl. (mils)  | 

26,600  app.  (1330  s)  2874 

4214.0 

50  sec  intervals  3000 

145920 

7.24 

1.99 

1.69 

-2.23 

3.92 

@  7.1  kips  Test  Time 

1340.0 

3200 

149920 

7.32 

1.93 

1.70 

-2.28 

3.98 

Total  Apps./Period 

26800 

3500 

155920 

7.26 

1.96 

1.65 

-2.23 

3.88 

Total  Apps./Overall 

170200 

3800 

161920 

7.25 

1.94 

1.63 

-2.20 

3.83 

4000 

165920 

7.30 

1.92 

1.65 

-2.18 

3.83 

Avg  Load 

7.27 

Avg 

3.89 

a 

0.03 

a 

0.06 

Variance 

0.00 

Variance 

0.00 

Avg  Reading  for  Entire  Test  Period 

7.28 

1.94 

1.67 

-2.23 

3.90 

%  inc 

Load 

Accelerometer  #1 

Goal  |Start  (s) 

Stop  (s) 

|Start  (s)  |Apps.  | 

Peak 

Valley  | 

Peak 

|Valley 

Defl. (mils)  | 

12,100  app.  (605  s)  4325 

4930.0 

50  sec  intervals  4400 

171700 

16.15 

3.55 

3.40 

-4.90 

8.30 

@15.9  kips  Test  Time 

605.0 

4500 

173700 

16.13 

3.50 

3.39 

-4.93 

8.32 

Total  Apps./Period 

12100 

4600 

175700 

16.10 

3.57 

3.40 

-4.96 

8.36 

Total  Apps./Overall 

182300 

4700 

177700 

16.06 

3.47 

3.37 

-4.99 

8.36 

4800 

179700 

16.06 

3.58 

3.39 

-4.97 

8.36 

Avg  Load 

16.10 

Avg 

8.34 

a 

0.04 

a 

0.03 

Variance 

0.00 

Variance 

0.00 

Avg  Reading  for  Entire  Test  Period 

16.05 

3.74 

3.37 

-4.92 

8.29 

%  inc 

Load 

[valley  | 

Accelerometer  #1 

[Defl. (mils)  | 

Goal  |Start  (s) 

|Stop  (s) 

|Start  (s)  |Apps.  | 

Peak 

Peak 

|Valley 

10,400  app.  (520  s)  5025 

5540.0 

50  sec  intervals  5050 

182800 

30.64 

3.13 

8.21 

-12.01 

20.22 

@31.6  kips  Test  Time 

515.0 

5150 

184800 

30.90 

4.17 

8.23 

-11.64 

19.87 

Total  Apps./Period 

10300 

5250 

186800 

31.03 

4.20 

8.22 

-11.05 

19.27 

Total  Apps./Overall 

192600 

5350 

188800 

30.96 

4.35 

8.10 

-10.48 

18.58 

5450 

190800 

30.89 

4.29 

8.08 

-10.23 

18.31 

Avg  Load 

30.88 

Avg 

19.25 

a 

0.15 

a 

0.82 

Variance 

0.02 

Variance 

0.66 

Avg  Reading  for  Entire  Test  Period 

30.82 

4.24 

8.11 

-10.93 

19.04 

%  inc 

|Accelerometer  #2 

| Peak  |Valley  |pefl.(mils)  |Norm.  Defl.  (mils/pl)  ILTos^j  | 


1.27 
1.31 
1.26 
1.25 

1.28 


-1.41 

-1.44 

-1.39 

-1.39 

-1.39 

Avg 

Variance 

-1.41 


2.75 

2.65 

2.64 

2.67 

2.68 
0.05 
0.00 


0.37 
0.38  69.10 

0.37  68.30 

0.36  68.93 


0.00 

0.00 

0.37 


|Accelerometer  #3 

|Valley~ 


1.03 

1.05 

1.03 

1.03 

1.04 


-1.15 

-1.18 

-1.13 

-1.12 

-1.13 

Avg 

Variance 

-1.15 


Defl.(mils)  |Norm.  Defl.  (mils/pl) 


2.18 

2.23 

2.16 

2.15 

2.17 

2.18 
0.03 
0.00 
2.18 


0.30 

0.30 

0.30 

0.30 

0.30 

0.30 

0.00 

0.00 

0.30 


4 


Accelerometer  #2 

Accelerometer  #3 

Peak  |  Valley 

Defl. (mi Is)  |Norm.  Defl 

(mils/pl)  |LT 

us 7%n 

Peak  IValley 

Defl. (mils) 

Norm.  Defl.  (mils/pl) 

2.75  -3.46 

6.21 

0.38 

74.82 

2.26  -2.84 

5.10 

0.32 

2.58  -3.13 

5.71 

0.35 

68.63 

2.24  -2.77 

5.01 

0.31 

2.74  -3.34 

6.08 

0.38 

72.73 

2.22  -2.74 

4.96 

0.31 

2.71  -3.32 

6.03 

0.38 

72.13 

2.19  -2.70 

4.89 

0.30 

2.74  -3.32 

6.06 

0.38 

72.49 

2.22  -2.69 

4.91 

0.31 

Avg 

6.02 

0.37 

72.16 

Avg 

4.97 

0.31 

O 

0.19 

0.01 

G 

0.08 

0.00 

Variance 

0.03 

0.00 

Variance 

0.01 

0.00 

2.70  -3.32 

6.02 

0.38 

2.21  -2.75 

4.96 

0.31 

Accelerometer  #2 

[Defl. (mils)  |Norm.  Defl. 

Accelerometer  #3 

[Defl. (mils)  [ 

Peak  |  Valley 

(mils/pl)  |LT 

~( w\ 

Peak  IValley 

Norm.  Defl.  (mils/pl) 

4.42  -4.89 

9.31 

0.30 

46.04 

5.32  -6.76 

12.08 

0.39 

6.31  -8.35 

14.66 

0.47 

73.78 

5.28  -6.91 

12.19 

0.39 

6.50  -8.54 

15.04 

0.48 

78.05 

5.28  -6.98 

12.26 

0.40 

6.58  -8.63 

15.21 

0.49 

81.86 

5.25  -7.02 

12.27 

0.40 

6.48  -8.12 

14.60 

0.47 

79.74 

5.26  -6.99 

12.25 

0.40 

Avg 

13.76 

0.45 

71.50 

Avg 

12.21 

0.40 

o 

2.50 

0.08 

a 

0.08 

0.00 

Variance 

6.26 

0.01 

Variance 

0.01 

0.00 

6.22  -7.87 

14.09 

0.46 

5.25  -6.90 

12.15 

0.39 

Figure  120  -  Data  Summary  for  South 


Run-Up  -  Corner  Load  Point  -  Years  16- 
20 
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Point  #6 


South  Run-Up  Edge 
File  "Gl" - 


11-5  Years 


Load 

Accelerometer  #1 

Goal  |Start  (s) 

Stop  (s) 

| Start  (s) 

Apps.  | 

Peak 

Valley  | 

Peak  |Valley 

Defl.(mils) 

26,600  app.  (1330  s)  470 

1798.0 

50  sec  intervals  600 

2600 

7.14 

1.56 

1.50  -1.67 

3.17 

@7.1  kips  Test  Time 

1328.0 

800 

6600 

7.20 

1.63 

1.51  -1.71 

3.22 

Total  Apps./Period 

26560 

1100 

12600 

7.19 

1.58 

1.52  -1.71 

3.23 

Total  Apps./Overall 

26560 

1400 

18600 

7.19 

1.50 

1.55  -1.70 

3.25 

1600 

22600 

7.18 

1.55 

1.51  -1.69 

3.20 

Avg  Load 

7.18 

Avg 

3.21 

0.02 

a 

0.03 

Variance 

0.00 

Variance 

0.00 

Avg  Reading  for  Entire  Test  Period 

7.18 

1.60 

1.50  -1.68 

3.18 

Load 

Accelerometer  #1 

Goal  |Start  (s) 

|Stop  (s) 

|  |Start  (s)  |Ap 

ps.  | 

Peak 

Valley  | 

Peak  |Valley 

Defl.(mils)  | 

12,100  app.  (605  s)  1875 

2487.0 

50  sec  intervals  1950 

28060 

15.91 

3.27 

3.10  -4.06 

7.16 

@15.9  kips  Test  Time 

612.0 

2050 

30060 

15.88 

3.30 

3.10  -4.08 

7.18 

Total  Apps./Period 

12240 

2150 

32060 

15.88 

3.36 

3.07  -4.08 

7.15 

Total  Apps./Overall 

38800 

2250 

34060 

15.85 

3.39 

3.07  -4.10 

7.17 

2350 

36060 

15.77 

3.42 

3.03  -4.11 

7.14 

Avg  Load 

15.86 

Avg 

7.16 

a 

0.05 

a 

0.02 

Variance 

0.00 

Variance 

0.00 

Avg  Reading  for  Entire  Test  Period 

15.87 

3.33 

3.08  -4.09 

7.17 

Load 

|valley  | 

Accelerometer  #1 

Goal  |Start  (s)  |Stop  (s) 

|Start  (s)  |Ap 

ps.  | 

Peak 

Peak  |Valley 

Defl.(mils)  | 

10,400  app.  (520  s)  2670  3190.0 

50  sec  intervals  2700 

39400 

30.07 

2.56 

7.92  -10.03 

17.95 

@31.6  kips  Test  Time  520.0 

2800 

41400 

30.04 

2.54 

8.01  -10.06 

18.07 

Total  Apps./Period  10400 

2900 

43400 

29.92 

2.62 

8.00  -9.79 

17.79 

Total  Apps./Overall  49200 

3000 

45400 

29.78 

2.68 

7.89  -9.54 

17.43 

3100 

47400 

29.66 

2.77 

7.75  -9.47 

17.22 

Avg  Load 

29.89 

Avg 

17.69 

a 

0.17 

a 

0.36 

Variance 

0.03 

Variance 

0.13 

Avg  Reading  for  Entire  Test  Period 

29.80 

2.76 

7.82  -9.65 

17.47 

Accelerometer  #2 

Accelerometer  #3 

Peak 

IValley 

Defl.(mils)  |Norm.  Defl. 

(mils/pl)|LT 

~( W\ 

Peak  IValley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

1.23  -1.31 

2.54 

0.36 

80.13 

0.98  -1.07 

2.05 

0.29 

1.26  -1.34 

2.60 

0.36 

80.75 

1.00  -1.10 

2.10 

0.29 

1.25  -1.34 

2.59 

0.36 

80.19 

1.01  -1.09 

2.10 

0.29 

1.24  -1.34 

2.58 

0.36 

79.38 

1.01  -1.08 

2.09 

0.29 

1.23  -1.32 

2.55 

0.36 

79.69 

0.98  -1.08 

2.06 

0.29 

Avg 

2.58 

0.36 

80.27 

Avg 

2.08 

0.29 

<T 

0.02 

0.00 

a 

0.02 

0.00 

Variance 

0.00 

0.00 

Variance 

0.00 

0.00 

1.22  -1.32 

2.54 

0.35 

0.99  -1.08 

2.07 

0.29 

Accelerometer  #2 

Accelerometer  #3 

Peak 

IValley 

Defl. (mils)  |Norm.  Defl. 

(mils/pl)|LT 

Peak  IValley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

2.63  -3.22 

5.85 

0.37 

81.70 

1.65  -1.96 

3.61 

0.23 

2.64  -3.21 

5.85 

0.37 

81.48 

1.64  -1.93 

3.57 

0.22 

2.63  -3.17 

5.80 

0.37 

81.12 

1.62  -1.93 

3.55 

0.22 

2.63  -3.17 

5.80 

0.37 

80.89 

1.61  -1.88 

3.49 

0.22 

2.59  -3.19 

5.78 

0.37 

80.95 

1.63  -1.92 

3.55 

0.23 

Avg 

5.82 

0.37 

81.23 

Avg 

3.55 

0.22 

a 

0.03 

0.00 

a 

0.04 

0.00 

Variance 

0.00 

0.00 

Variance 

0.00 

0.00 

2.62  -3.20 

5.82 

0.37 

1.63  -1.92 

3.55 

0.22 

Accelerometer  #2 

(oefiTmlis)  |Norm.  Defl. 

Accelerometer  #3 

Peak 

IValley 

(mils/pl)  |LT 

~ w\ 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

6.41  -8.16 

14.57 

0.48 

81.17 

5.12  -6.49 

11.61 

0.39 

6.57  -8.33 

14.90 

0.50 

82.46 

5.22  -6.65 

11.87 

0.40 

6.62  -8.43 

15.05 

0.50 

84.60 

5.24  -6.74 

11.98 

0.40 

6.60  -8.45 

15.05 

0.51 

86.35 

5.21  -6.83 

12.04 

0.40 

6.55  -8.15 

14.70 

0.50 

85.37 

5.22  -6.73 

11.95 

0.40 

Avg 

14.85 

0.50 

83.96 

Avg 

11.89 

0.40 

o 

0.21 

0.01 

a 

0.17 

0.01 

Variance 

0.05 

0.00 

Variance 

0.03 

0.00 

6.49  -8.19 

14.68 

0.49 

5.16  -6.61 

11.77 

0.39 

Average  LT 

81.82 

Figure  121 


Data  Summary  for  South  Run-Up  -  Edge  Load  Point  -  Years  1-5 
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Load 

Accelerometer  #1 

Goal 

|Start  (s)  |Stop  (s) 

IStart  (s)  |Apps.  | 

Peak 

Valley  | 

Peak  |Valley 

Defl. (mils)  | 

26,600  app.  (1330  s)  3290 

7.1  kips  Test  Time 

Total  Apps./Period 
Total  Apps./Overall 


4625.0 

1335.0 

26700 

75900 


50  sec  intervals 


3400  51400 
3600  55400 
3900  61400 
4200  67400 
4400  71400 


7.55 

7.55 

7.60 

7.52 

0.08 

0.01 


1.50 

1.41 
1.43 
1.43 

1.42 


1.70 

1.75 

1.77 

1.75 

1.77 


Avg  Reading  for  Entire  Test  Period 


-2.10 

-2.08 

-2.05 

-2.09 

Avg 

Variance 

-2.01 


3.85 

3.85 


3.81 

0.08 

0.01 

3.72 


Load 

Accelerometer  #1 

Goal 

|Start  (s)  |Stop  (s) 

IStart  (s)  |Apps.  | 

Peak 

Valley  | 

Peak  |Valley 

Defl. (mils)  | 

12,100  app.  (605  s)  4695 

15.9  kips  Test  Time 

Total  Apps./Period 
Total  Apps./Overall 


5300.0 

605.0 

12100 


50  sec  intervals 


4800 

4900 

5000 

5100 

5200 


82000 

84000 

86000 


Avg  Reading  for  Entire  Test  Period 


15.74 

15.67 
15.71 
15.73 
15.66 
15.70 

0.04 

0.00 

15.68 


3.37 

3.40 

3.37 

3.32 

3.40 


3.25 
3.23 

3.28 

3.29 

3.26 


-4.30 
-4.21 
-4.21 
-4.23 
-4.19 
Avg 

Variance 

-4.22 


7.55 

7.44 
7.49 
7.52 

7.45 
7.49 
0.05 
0.00 


Load 

Accelerometer  #1 

Goal  |Start  (s) 

Stop  (s) 

|Start  (s)  |Ap 

ps.  | 

Peak 

Valley  | 

Peak  |Valley 

Defl. (mils) 

1 0,400  app.  (520  s)  5421 

5941.0 

50  sec  intervals  5450 

88580 

29.89 

2.97 

7.44  -9.80 

17.24 

@  31 .6  kips  Test  Time 

520.0 

5550 

90580 

29.79 

3.19 

7.43  -9.92 

17.35 

Total  Apps./Period 

10400 

5650 

92580 

29.65 

3.32 

7.44  -9.89 

17.33 

Total  Apps./Overall 

98400 

5750 

94580 

29.64 

3.33 

7.42  -9.77 

17.19 

5850 

96580 

29.42 

3.40 

7.32  -9.47 

16.79 

Avg  Load 

29.68 

Avg 

17.18 

0.18 

a 

0.23 

Variance 

0.03 

Variance 

0.05 

Avg  Reading  for  Entire  Test  Period 

29.65 

3.25 

7.39  -9.73 

17.12 

Accelerometer  #2 

Accelerometer  #3 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (milslpl)\LT  us(%)  | 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

1.35 

1.40 

1.45 

1.42 

1.42 


-1.50 

-1.58 

-1.57 

-1.55 

-1.58 

Avg 


3.02 

2.97 

3.00 

2.99 

0.02 

0.00 

2.90 


0.39 

0.40 

0.40 

0.39 

0.39 

0.40 

0.01 


77.45 

77.40 

78.44 

78.16 

77.72 

78.58 


|Accelerometer  #2 
iValley 


2.67 
2.63 

2.68 
2.70 
2.68 


|Defl.(mils)  |Norm.  Defl.  (mils/pl)|/-7us/%/  | 

80.13 
79.97 
80.24 
80.45 
80.13 
80.19 


Variance 

-3.32 


6.01 

6.05 

5.97 

6.01 

0.05 

0.00 

5.58 


0.38 

0.38 

0.38 

0.38 

0.38 

0.38 

0.00 

0.00 

0.36 


|Accelerometer  #2 
IValley 


5.99 

5.81 

5.87 

5.93 


|Defl.(mils)  |Norm.  Defl.  (mils/pl)|/-7us  W  | 

-  "  78.89 

78.16 
78.88 

80.16 
82.49 
79.70 


13.60 

13.56 

13.67 

13.78 

13.85 

13.69 

0.12 

0.01 

13.67 


0.46 

0.46 

0.46 

0.46 

0.47 

0.46 

0.01 

0.00 

0.46 


1.10 

1.12 

1.15 

1.15 

1.15 


-1.23 

-1.29 

-1.28 

-1.26 

-1.28 

Avg 


2.33 

2.41 

2.43 

2.41 

2.43 

2.40 

0.04 

0.00 

2.35 


0.32 

0.32 

0.32 

0.32 

0.32 

0.32 

0.00 

0.00 

0.31 


|  Accelerometer  #3 

|Valley 


2.19 

2.15 

2.18 

2.17 

2.17 


•2.73 

■2.70 

■2.71 

■2.74 


|Defl.(mils)  | Norm.  Defl.  (mils/pl~ 


Variance 

-2.70 


0.31 

0.31 

0.31 

0.31 

0.31 

0.31 

0.00 

0.00 

0.31 


|Accelerometer  #3 
t  |Valley 


-6.14 

-6.20 

-6.23 

-6.28 

-6.32 

Avg 

Variance 

-6.23 


|Defl.(mils)  |Norm.  Defl.  (mils/pl~ 


11.11 

11.03 

11.06 

11.17 

11.12 

11.10 

0.05 

0.00 

11.08 


0.37 

0.37 

0.37 

0.38 

0.38 

0.37 

0.00 

0.00 

0.37 


Figure  122  -  Data  Summary  for  South  Run-Up  -  Edge  Load  Point  -  Years  6-10 
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Load 

Accelerometer  #1 

Goal 

|Start  (s)  |Stop  (s) 

IStart  (s)  |Apps.  | 

Peak 

Valley  | 

Peak  jValley 

Defl.(mils)  | 

|26,600  app.  (1330  s) 

7.1  kips  Test  Time 

Total  Apps./Period 
Total  Apps./Overall 


Load 

Accelerometer  #1 

Goal 

|Start  (s)  |Stop  (s) 

IStart  (s)  |Apps.  | 

Peak 

Valley  | 

Peak  |Valley 

Defl.(mils)  | 

1393.0 

1308.0 

26160 

124560 


50  sec  intervals 


100700 
104700 
110700 
116700 
1200  120700 


Avg  Reading  for  Entire  Test  Period 


7.39 

7.43 

7.59 

7.57 

7.54 

7.50 
0.09 
0.01 

7.51 


1.62 

1.70 

1.63 

1.63 

1.63 


1.66 

1.68 

1.72 

1.72 


-1.99 
-1.95 
-2.01 
-2.00 
-2.02 
Avg 

Variance 

-1.98 


3.67 

3.61 

3.69 

3.72 

3.74 

3.69 

0.05 

0.00 

3.67 


1 12, 100  app.  (605  s) 

15.9  kips  Test  Time 

Total  Apps./Period 
Total  Apps./Overall 


687.0 

612.0 

12240 

136800 


50  sec  intervals 


126060 
250  128060 

350  130060 

450  132060 

550  134060 


Avg  Reading  for  Entire  Test  Period 


15.48 

15.54 

15.52 

15.43 
15.25 

15.44 
0.12 
0.01 

15.42 


3.42 

3.34 

3.35 
3.41 
3.57 


3.14 
3.16 
3.19 

3.15 
3.06 


-4.22 
-4.27 
-4.27 
-4.19 
-4.06 
Avg 

Variance 

-4.18 


7.36 

7.43 

7.46 

7.34 

7.12 

7.34 

0.13 

0.02 

7.31 


Goal 


1 10,400  app.  (520  s) 

31.6  kips  Test  Time 

Total  Apps./Period 
Total  Apps./Overall 


|Start  (s)  |Stop  (s)  ~| 


1290.0 

520.0 

10400 

147200 


50  sec  intervals 


|Start  (s)  |Apps.  ~| 

800  137400 

900  139400 

1000  141400 

1100  143400 

1200  145400 


Avg  Reading  for  Entire  Test  Period 


29.90 

30.75 

30.70 

30.66 

30.58 

30.52 

0.35 

0.12 

30.48 


[valley 


3.15 

3.24 

3.23 

3.29 


Accelerometer  #1 

Peak  |Valley 

Defl.(mils)  | 

6.64  -8.94 

15.58 

7.03  -9.63 

16.66 

6.99  -9.82 

16.81 

7.09  -10.06 

17.15 

7.25  -10.14 

17.39 

Avg 

16.72 

a 

0.70 

Variance 

0.49 

7.01  -9.72 

16.73 

Accelerometer  #2 

Accelerometer  #3 

Peak 

|Valley 

Defl.(mils)  |Norm.  Defl. 

(mils/pl)|LT 

Peak  |Valley 

Defl.(mils)  |Norm.  Defl.  (mils/pl) 

1.33  -1.49 

2.82 

0.38 

76.84 

1.06  -1.22 

2.28 

0.31 

1.35  -1.47 

2.82 

0.38 

78.12 

1.06  -1.20 

2.26 

0.30 

1.37  -1.51 

2.88 

0.38 

78.05 

1.10  -1.23 

2.33 

0.31 

1.35  -1.49 

2.84 

0.38 

76.34 

1.11  -1.21 

2.32 

0.31 

1.35  -1.51 

2.86 

0.38 

76.47 

1.08  -1.22 

2.30 

0.31 

Avg 

2.85 

0.38 

77.32 

Avg 

2.30 

0.31 

<J 

0.03 

0.00 

a 

0.03 

0.00 

Variance 

0.00 

0.00 

Variance 

0.00 

0.00 

1.24  -1.48 

2.72 

0.36 

1.08  -1.21 

2.29 

0.30 

Accelerometer  #2 

Accelerometer  #3 

Peak 

|  Valley 

Defl. (mils)  |Norm.  Defl. 

(mils/pl)|/-7 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

2.60  -3.20 

5.80 

0.37 

78.80 

2.13  -2.58 

4.71 

0.30 

2.60  -3.25 

5.85 

0.38 

78.73 

2.14  -2.61 

4.75 

0.31 

2.58  -3.28 

5.86 

0.38 

78.55 

2.12  -2.64 

4.76 

0.31 

2.54  -3.26 

5.80 

0.38 

79.05 

2.10  -2.63 

4.73 

0.31 

2.46  -3.19 

5.65 

0.37 

79.35 

2.03  -2.58 

4.61 

0.30 

Avg 

5.79 

0.38 

78.90 

Avg 

4.71 

0.31 

<7 

0.08 

0.00 

a 

0.06 

0.00 

Variance 

0.01 

0.00 

Variance 

0.00 

0.00 

2.55  -3.32 

5.87 

0.38 

2.09  -2.60 

4.69 

0.30 

Accelerometer  #2 

|Defl.(mils)  |Norm.  Defl. 

Accelerometer  #3 

Peak 

|  Valley 

(mils/pl)|L7~ 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

5.68  -7.16 

12.84 

0.43 

82.41 

4.76  -5.93 

10.69 

0.36 

6.06  -7.76 

13.82 

0.45 

82.95 

5.03  -6.41 

11.44 

0.37 

6.00  -7.54 

13.54 

0.44 

80.55 

4.99  -6.18 

11.17 

0.36 

5.97  -7.60 

13.57 

0.44 

79.13 

4.95  -6.07 

11.02 

0.36 

5.99  -7.68 

13.67 

0.45 

78.61 

4.99  -6.08 

11.07 

0.36 

Avg 

13.49 

0.44 

80.68 

Avg 

11.08 

0.36 

o 

0.38 

0.01 

a 

0.27 

0.01 

Variance 

0.14 

0.00 

Variance 

0.07 

0.00 

5.94  -7.56 

13.50 

0.44 

4.94  -6.13 

11.07 

0.36 

Average  LT 

78.96 

Figure  123  -  Data  Summary  for  South  Run-Up  -  Edge  Load  Point  -  Years  11-15 
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16-20  Years 

File  "G3" 

Load 

Accelerometer  #1 

Goal  |Start  (s) 

Stop  (s) 

|Start  (s)  |Apps.  | 

Peak 

Valley  | 

Peak 

|Valley 

Defl. (mils)  | 

26,600  app.  (1330  s)  1373 

2623.0 

50  sec  intervals  1400 

147740 

7.26 

1.77 

1.62 

-1.87 

3.49 

@  7.1  kips  Test  Time 

1250.0 

1600 

151740 

7.48 

1.72 

1.66 

-1.99 

3.65 

Total  Apps./Period 

25000 

1900 

157740 

7.57 

1.67 

1.68 

-1.97 

3.65 

Total  Apps./Overall 

172200 

2200 

163740 

7.55 

1.81 

1.66 

-1.98 

3.64 

2400 

167740 

7.61 

1.74 

1.71 

-2.00 

3.71 

Avg  Load 

7.49 

Avg 

3.63 

a 

0.14 

c 

0.08 

Variance 

0.02 

Variance 

0.01 

Avg  Reading  for  Entire  Test  Period 

7.50 

1.80 

1.63 

-1.90 

3.53 

%  inc 

Load 

Accelerometer  #1 

Goal  |Start  (s) 

Stop  (s) 

|Start  (s)  |Apps.  | 

Peak 

Valley  | 

Peak 

|Valley 

Defl. (mils)  | 

12,100  app.  (605  s)  2675 

3285.0 

50  sec  intervals  2750 

173700 

16.11 

2.82 

3.61 

-4.78 

8.39 

@15.9  kips  Test  Time 

610.0 

2850 

175700 

16.08 

2.87 

3.61 

-4.65 

8.26 

Total  Apps./Period 

12200 

2950 

177700 

16.07 

2.87 

3.58 

-4.62 

8.20 

Total  Apps./Overall 

184400 

3050 

179700 

16.07 

2.92 

3.55 

-4.59 

8.14 

3150 

181700 

16.07 

2.87 

3.53 

-4.66 

8.19 

Avg  Load 

16.08 

Avg 

8.24 

a 

0.02 

c 

0.10 

Variance 

0.00 

Variance 

0.01 

Avg  Reading  for  Entire  Test  Period 

16.03 

2.97 

3.54 

-4.61 

8.15 

%  inc 

Load 

[valley  | 

Accelerometer  #1 

[Defl. (mils)  | 

Goal  |Start  (s) 

|Stop  (s) 

|Start  (s)  |Apps.  | 

Peak 

Peak 

|Valley 

10,400  app.  (520  s)  3368 

3892.0 

50  sec  intervals  3400 

185040 

29.83 

2.76 

7.85 

-10.33 

18.18 

@  31 .6  kips  Test  Time 

524.0 

3500 

187040 

30.04 

2.80 

7.81 

-10.50 

18.31 

Total  Apps./Period 

10480 

3600 

189040 

31.85 

2.15 

8.26 

-11.42 

19.68 

Total  Apps./Overall 

194880 

3700 

191040 

31.72 

2.18 

8.20 

-11.42 

19.62 

3800 

193040 

31.60 

2.17 

8.09 

-11.10 

19.19 

Avg  Load 

31.01 

Avg 

19.00 

0.99 

C 

0.71 

Variance 

0.97 

Variance 

0.51 

Avg  Reading  for  Entire  Test  Period 

30.94 

2.55 

7.93 

-10.81 

18.74 

%  inc 

Accelerometer  #2 

Accelerometer  #3 

Peak  jValley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) \LTUS(%)  \ 

Peak  |  Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

1.26 

1.34 

1.36 

1.29 

1.32 


-1.41 

-1.49 

-1.47 

-1.47 

-1.50 

Avg 

Variance 

-1.42 


2.67 

2.83 

2.83 

2.76 

2.82 

2.81 

0.03 

0.00 

2.71 


0.37 

0.38 

0.37 

0.37 

0.37 

0.37 

0.01 

0.00 

0.36 


76.50 

77.53 

77.53 

75.82 

76.01 

77.45 


1.00 

1.05 

1.10 

1.06 

1.05 


-0.20 

-1.19 

-1.22 

Avg 

Variance 

-1.19 


2.15 

2.26 

1.30 

2.25 

2.27 

2.05 

0.42 

0.18 

2.24 


0.30 

0.30 

0.17 

0.30 

0.30 

0.27 

0.06 


Accelerometer  #2 

Accelerometer  #3 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) \LTus(%)  \ 

Peak  |  Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

6.58 
6.55 

6.59 


-3.62 

-3.62 

Avg 


0.41 

0.41 

0.41 

0.41 

0.41 

0.41 

0.00 

0.00 

0.40 


78.43 

79.30 

80.37 


2.31 

2.31 

2.33 
2.35 

2.34 


-3.01 

-2.97 

-2.96 

Avg 


5.31 
5.30 
5.34 

5.32 

5.30 

5.31 
0.02 
0.00 
5.24 


0.33 

0.33 

0.33 

0.33 

0.33 

0.33 

0.00 

0.00 

0.33 


lAccelerometer  #2  _ _ _ 

[Peak  |Valley  |pefl.(mils)  |Norm.  Defl.  (mils/pl)|/-70S('%/)  | 


5.99 

6.12 

6.67 

6.67 

6.65 


-7.99 

-8.29 

-8.81 

-8.99 

-9.07 

Avg 


13.98 

14.41 

15.48 

15.66 

15.72 

15.05 

0.80 

0.64 

14.88 


0.47 

0.48 

0.49 

0.49 

0.50 

0.49 

0.01 

0.00 

0.48 


76.90 

78.70 

78.66 

79.82 

81.92 

79.23 


lAccelerometer  #3  _ 

<  |Valley  |pefl.(mils)  |Norm.  Defl.  (mils/pl) 


4.97 

5.54 

5.48 

5.44 


-6.40 

-6.61 

-6.94 

-7.09 

-7.17 

Avg 


11.28 

11.58 

12.48 

12.57 

12.61 

12.10 

0.63 

0.39 

11.95 


0.38 

0.39 

0.39 

0.40 

0.40 

0.39 

0.01 

o.ool 

0.39 


Figure  124  -  Data  Summary  for  South  Run-Up  -  Edge  Load  Point  -  Years  16-20 
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Point  #7 


North  Run-Up  Center 
File  "HI" - 


H -5  Years  _ 

I  Load 


Goal  |Start  (s) 

Stop  (s) 

|Start  (s)  |Apps.  | 

Peak 

Valley 

26,600  app.  (1330  s)  22 

1392.0 

50  sec  intervals  200 

3560 

8.25 

1.28 

@7.1  kips  Test  Time 

1370.0 

400 

7560 

8.18 

1.31 

Total  Apps./Period 

27400 

700 

13560 

8.25 

1.27 

Total  Apps./Overall 

27400 

1000 

19560 

8.19 

1.28 

1200 

23560 

8.06 

1.37 

Avg  Load 

8.19 

a 

0.08 

Variance 

0.01 

Avg  Reading  for  Entire  Test  Period 

8.20 

1.29 

Load 

(vaiiey  | 

Goal  |Start  (s) 

|Stop  (s) 

|Start  (s)  |Apps.  | 

Peak 

12,100  app.  (605  s)  1471 

2079.0 

50  sec  intervals  1550 

28980 

16.35 

5.32 

@15.9  kips  Test  Time 

608.0 

1650 

30980 

16.45 

5.50 

Total  Apps./Period 

12160 

1750 

32980 

16.53 

5.51 

Total  Apps./Overall 

39560 

1850 

34980 

16.59 

5.46 

1950 

36980 

16.56 

5.48 

Avg  Load 

16.50 

a 

0.10 

Variance 

0.01 

Avg  Reading  for  Entire  Test  Period 

16.48 

5.40 

[Load" 


Goal  |Start  (s) 

|Stop  (s) 

I  Start  (s)  |Apps.  | 

I 

[Peak 

|Valley  | 

10,400  app.  (520  s)  2135 

2655.0 

50  sec  intervals  2175 

40360 

32.70 

2.56 

@31.6  kips  Test  Time 

520.0 

2275 

42360 

31.76 

2.54 

Total  Apps./Period 

10400 

2375 

44360 

31.81 

2.62 

Total  Apps./Overall 

49960 

2475 

46360 

31.74 

2.68 

2575 

48360 

31.74 

2.77 

Avg  Load 

31.95 

a 

0.42 

Variance 

0.18 

Avg  Reading  for  Entire  Test  Period 

31.66 

5.90 

Accelerometer  #1 

Peak  |  Valley 

Defl.(mils)  | 

0.54  -0.51  1.05 

0.55  -0.53  1.08 

0.59  -0.59  1.18 

0.51  -0.54  1.05 

0.48  -0.49  0.97 

Avg  1.07 

a  0.08 

Variance  0.01 

0.54  -0.54  1.08 


|Accelerometer#1 


Peak 

Valley 

Defl.(mils) 

0.92 

-1.14 

2.06 

0.93 

-1.14 

2.07 

0.93 

-1.17 

2.10 

0.95 

-1.14 

2.09 

0.91 

-1.10 

2.01 

Avg 

2.07 

a 

0.04 

Variance 

0.00 

0.93 

-1.13 

2.06 

Accelerometer  #1 

|Defl.(mils) 

Peak 

Valley 

2.14 

-2.58 

4.72 

2.02 

-2.40 

4.42 

2.01 

-2.39 

4.40 

2.00 

-2.36 

4.36 

2.00 

-2.35 

4.35 

Avg 

4.45 

a 

0.15 

Variance 

0.02 

1.99 

-2.36 

4.35 

Accelerometer  #2 

Accelerometer  #3 

Peak 

|  Valley 

Defl.(mils) 

Norm.  Defl.  (mils/pl)|LT 

us(%)  | 

Peak 

|Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

0.47 

-0.46 

0.93 

0.11 

88.57 

0.42  -0.43 

0.85 

0.10 

0.31 

-0.32 

0.63 

0.08 

58.33 

0.42  -0.43 

0.85 

0.10 

0.39 

-0.40 

0.79 

0.10 

66.95 

0.47  -0.48 

0.95 

0.12 

0.39 

-0.42 

0.81 

0.10 

77.14 

0.43  -0.47 

0.90 

0.11 

0.42 

-0.44 

0.86 

0.11 

88.66 

0.39  -0.43 

0.82 

0.10 

Avg 

0.77 

0.09 

72.47 

Avg 

0.87 

0.11 

<7 

0.10 

0.01 

(7 

0.05 

0.01 

Variance 

0.01 

0.00 

Variance 

0.00 

0.00 

0.39 

-0.40 

0.79 

0.10 

0.43  -0.45 

0.88 

0.11 

Accelerometer  #2 

Accelerometer  #3 

Peak 

IValley 

Defl.(mils) 

Norm.  Defl.  (mils/pl)|LT 

znw\ 

Peak 

|Valley 

Defl.(mils)  |Norm.  Defl.  (mils/pl) 

0.66 

-0.79 

1.45 

0.09 

70.39 

0.72  -0.90 

1.62 

0.10 

0.82 

-1.00 

1.82 

0.11 

87.92 

0.73  -0.91 

1.64 

0.10 

0.82 

-1.02 

1.84 

0.11 

87.62 

0.73  -0.93 

1.66 

0.10 

0.83 

-1.03 

1.86 

0.11 

89.00 

0.76  -0.94 

1.70 

0.10 

0.82 

-0.98 

1.80 

0.11 

89.55 

0.75  -0.92 

1.67 

0.10 

Avg 

1.75 

0.11 

84.90 

Avg 

1.66 

0.10 

<7 

0.17 

0.01 

a 

0.03 

0.00 

Variance 

0.03 

0.00 

Variance 

0.00 

0.00 

0.78 

-0.95 

1.73 

0.10 

0.74  -0.92 

1.66 

0.10 

Accelerometer  #2 

Accelerometer  #3 

Peak 

|Valley 

|Defl.(mils) 

Norm.  Defl.  (mils/pl)|LT 

zn%r\ 

Peak 

|Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

1.87 

-2.28 

4.15 

0.13 

87.92 

1.68  -2.06 

3.74 

0.11 

1.77 

-2.11 

3.88 

0.12 

87.78 

1.58  -1.92 

3.50 

0.11 

1.76 

-2.11 

3.87 

0.12 

87.95 

1.57  -1.91 

3.48 

0.11 

1.75 

-2.08 

3.83 

0.12 

87.84 

1.56  -1.89 

3.45 

0.11 

1.75 

-2.07 

3.82 

0.12 

87.82 

1.56  -1.87 

3.43 

0.11 

Avg 

3.91 

0.12 

87.87 

Avg 

3.52 

0.11 

(7 

0.14 

0.00 

(7 

0.13 

0.00 

Variance 

0.02 

0.00 

Variance 

0.02 

0.00 

1.74 

-2.08 

3.82 

0.12 

1.55  -1.89 

3.44 

0.11 

Average  LT 

81.74 

Figure  125  -  Data  Summary  for  North  Run-Up  -  Center  Load  Point  -  Years  1-5 
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Load 

Accelerometer  #1 

Goal 

|Start  (s)  |Stop  (s) 

(Start  (s)  (Apps.  | 

Peak 

Valley  | 

Peak  |Valley 

Defl. (mils)  | 

26,600  app.  (1330  s)  2737 

7.1  kips  Test  Time 

Total  Apps./Period 
Total  Apps./Overall 


4032.0 

1295.0 

25900 


50  sec  intervals 


2900  53220 
3100  57220 
3400  63220 
3700  69220 
3900  73220 


Avg  Reading  for  Entire  Test  Period 


7.79 

7.78 

7.85 

7.93 

7.89 

7.85 

0.06 

0.00 

7.78 


2.55 

2.55 

2.49 

2.44 

2.45 


0.42 

0.43 

0.44 

0.41 

0.39 


-0.35 
-0.36 
-0.36 
-0.36 
-0.34 
Avg 

Variance 

-0.35 


0.77 

0.79 

0.80 

0.77 

0.73 

0.77 

0.03 

0.00 

0.77 


Load 

Accelerometer  #1 

Goal  |Start  (s) 

Stop  (s) 

|Start  (s)  |Ap 

ps.  | 

Peak 

Valley  | 

Peak  |Valley 

Defl. (mils) 

12,100  app.  (605  s)  4110 

4725.0 

50  sec  intervals  4200 

77660 

16.30 

4.44 

1.05 

-1.06 

2.11 

@15.9  kips  Test  Time 

615.0 

4300 

79660 

16.37 

4.53 

1.05 

-1.08 

2.13 

Total  Apps./Period 

12300 

4400 

81660 

16.30 

4.56 

1.06 

-1.11 

2.17 

Total  Apps./Overall 

88160 

4500 

83660 

16.35 

4.47 

1.07 

-1.13 

2.20 

4600 

85660 

16.34 

4.49 

1.08 

-1.17 

2.25 

Avg  Load 

16.33 

Avg 

2.17 

0.03 

a 

0.06 

Variance 

0.00 

Variance 

0.00 

Avg  Reading  for  Entire  Test  Period 

16.29 

4.45 

1.06 

-1.11 

2.17 

Goal 


1 10,400  app.  (520  s)  4861 

31.6  kips  Test  Time 

Total  Apps./Period 
Total  Apps./Overall 


|Start  (s)  |Stop  (s)  ~| 


5381.0 

520.0 

10400 


|Start  (s)  |Apps.  | 

50  sec  intervals  4900  88940 


Load 

Peak 


5000 

5100 

5200 

5300 


90940 

92940 

94940 

96940 


Avg  Reading  for  Entire  Test  Period 


31.60 

32.02 

32.00 

32.12 

32.06 

31.96 

0.21 

0.04 

31.63 


[valley 


5.17 

5.99 

6.00 

5.93 

5.96 


Accelerometer  #1 

Peak  |Valley 

Defl. (mils) 

1.93  -2.47 

4.40 

2.04  -2.36 

4.40 

2.05  -2.36 

4.41 

2.05  -2.39 

4.44 

2.03  -2.37 

4.40 

Avg 

4.41 

a 

0.02 

Variance 

0.00 

1.98  -2.33 

4.31 

Accelerometer  #2 

Accelerometer  #3 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) \LTUS(%)  \ 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

0.37 

0.39 

0.39 

0.37 

0.35 


-0.31 

-0.32 

-0.33 

-0.32 

-0.30 

Avg 


0.68 

0.71 

0.72 

0.69 

0.65 

0.69 

0.03 

0.00 

0.69 


0.09 

0.09 

0.09 

0.08 


90.00 

89.61 


|Accelerometer  #2 
IValley 


0.91 

0.92 

0.93 

0.94 

0.95 


-0.92 

-0.94 

-0.96 

-0.98 

-1.03 

Avg 

Variance 

-0.97 


[Pefl.(mils)  | Norm.  Defl.  (mils/pl)  |LTuS(%J‘| 


0.11 

0.11 

0.12 

0.12 

0.12 

0.12 

0.00 

0.00 

0.12 


86.73 

87.32 

87.10 

87.27 

88.00 

87.29 


|Accelerometer  #2 
IValley 


1.70 

1.76 

1.77 
1.79 

1.78 


-2.17 

■2.07 

■2.07 

-2.10 


[Pefl.(mils)  | Norm.  Defl.  (mils/pl)  |LTUS(,%)"| 


Variance 

-2.05 


3.87 

3.83 

3.84 


0.02 

0.00 

3.77 


0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.00 

0.00 

0.12 


87.95 

87.05 

87.07 

87.61 

87.73 

87.48 


0.33  -0.28  0.61 

0.34  -0.30  0.64 

0.35  -0.31  0.66 

0.34  -0.30  0.64 

0.33  -0.29  0.62 

Avg  0.63 

a  0.02 

Variance  0.00 

0.34  -0.30  0.64 


0.08 

0.08 

0.08 

0.08 

0.08 

0.08 

0.00 

0.00 

0.08 


Accelerometer  #3 _ 

[Peak  |Valley  [Pefl.(mils)  |Norm.  Defl.  (mils/pl) 


0.80  -0.83  1.63 

0.80  -0.84  1.64 

0.82  -0.86  1.68 

0.82  -0.88  1.70 

0.84  -0.91  1.75 

Avg  1.68 

a  0.05 

Variance  0.00 

0.82  -0.87  1.69 


0.10 

0.10 

0.10 

0.10 

0.11 

0.10 

0.00 

0.00 

0.10 


|Accelerometer  #3 _ _ 

|Valley  [Pefl.(mils)  |Norm.  Defl.  (mils/pl) 


1.52  -1.93  3.45 

1.54  -1.87  3.41 

1.55  -1.87  3.42 

1.59  -1.89  3.48 

1.59  -1.87  3.46 

Avg  3.44 

<s  0.03 

Variance  0.00 

1.52  -1.85  3.37 


0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.00 

0.00 

0.11 


Figure  126  -  Data  Summary  for  North  Run-Up  -  Center  Load  Point  -  Years  6- 

10 
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Load 

Accelerometer  #1 

Goal 

|Start  (s)  |Stop  (s) 

|Start  (s)  |Apps.  | 

Peak 

IValley  | 

Peak  IValley 

Defl. (mils)  | 

|26,600  app.  (1330  s) 

7.1  kips  Test  Time 

Total  Apps./Period 
Total  Apps./Overall 


1442.0 

1335.0 

26700 

125260 


50  sec  intervals 


102420 

106420 

112420 

118420 

122420 


Avg  Reading  for  Entire  Test  Period 


7.54 
7.59 
7.62 

7.55 
0.05 
0.00 
7.54 


1.62 

1.70 

1.63 

1.63 

1.63 


0.42 

0.45 

0.45 

0.45 

0.43 


-0.33 

-0.35 

-0.36 

-0.37 

-0.36 

Avg 

Variance 

-0.35 


0.75 

0.80 

0.81 

0.82 

0.79 

0.79 

0.03 

0.00 

0.79 


iGoal 


|Start  (s)  |Stop  (s)  | 


12,100  app.  (605  s)  1520 

@15.9  kips  Test  Time 

Total  Apps./Period 
Total  Apps./Overall 


2125.0 

605.0 

12100 

137360 


|Start  (s)  |Apps.  ~~j 

50  sec  intervals  1600  126860 

1700  128860 

1800  130860 

1900  132860 

2000  134860 


Load 

(valley  | 

Accelerometer  #1 

Peak 

Peak  |Valley 

Avg  Reading  for  Entire  Test  Period 


16.45 

16.52 

16.50 

16.49 

16.44 

16.48 
0.03 
0.00 

16.49 


1.05 

1.04 

1.03 

101 

0.99 


-1.11 

-1.12 

-1.13 

-1.13 

-1.15 


|Defl.(mils)  | 


Variance 

-1.13 


2.16 

2.16 

2.16 

2.14 

2.14 

2.15 
0.01 
0.00 

2.16 


|Load 

1 

Accelerometer  #1 

Goal  |Start  (s)  |Stop  (s) 

|  Istart  (s)  | 

|Apps.  | 

|peak 

IValley  | 

Peak  |Valley 

Defl. (mils)  | 

10,400  app.  (520  s)  2215  2725.0 

50  sec  intervals  2250 

138060 

30.26 

5.08 

1.78  -2.33 

4.11 

@31 .6  kips  Test  Time  510.0 

2350 

140060 

31.82 

5.05 

2.16  -2.37 

4.53 

Total  Apps./Period  10200 

2450 

142060 

31.91 

5.17 

2.11  -2.36 

4.47 

Total  Apps./Overall  147560 

2550 

144060 

31.85 

5.34 

2.11  -2.36 

4.47 

2650 

146060 

31.89 

5.20 

2.03  -2.37 

4.40 

Avg  Load 

31.55 

Avg 

4.40 

c 

0.72 

a 

0.17 

Variance 

0.52 

Variance 

0.03 

Avg  Reading  for  Entire  Test  Period 

31.29 

5.40 

2.01  -2.31 

4.32 

Accelerometer  #2 

Accelerometer  #3 

Peak  IValley 

Defl. (mils)  |Norm.  Defl.  (mils/pl)|LT us  (%)  | 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

0.38 

0.39 

0.40 

0.40 

0.38 


-0.29 

-0.31 

-0.32 

-0.32 

-0.32 

Avg 


0.67 

0.70 

0.72 

0.72 

0.70 

0.71 

0.01 

0.00 

0.70 


0.09 

0.10 

0.09 

0.09 

0.09 

0.00 

0.00 

0.09 


87.80 

88.61 

89.42 


|Accelerometer  #2 
iValley 


0.92 

0.90 

0.90 

0.90 

0.88 


-0.96 

-0.97 

-0.98 

-0.99 

-1.01 

Avg 

Variance 

-0.99 


pefl.(mils)  |Norm.  Defl.  (mils/pl)|f-7~ Us(%J~\ 


0.01 

0.00 


0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.00 

0.00 

0.11 


87.04 

86.57 

87.04 

88.32 

88.32 

87.45 


|Accelerometer  #2 
<  IValley 


Defl. (mils)  |Norm.  Defl.  (mils/pl)|/-rus(%J‘| 


-2.07 

-2.06 

-2.07 

Avg 


3.58 

3.96 

3.93 

3.91 

3.85 

3.85 

0.15 

0.02 

3.77 


0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.00 

0.00 

0.12 


87.10 

87.42 

87.92 

87.47 

87.50 

87.49 


0.33 

0.34 

0.35 

0.36 

0.35 


-0.27 

-0.28 

-0.30 

-0.30 

-0.30 

Avg 


0.60 

0.62 

0.65 

0.66 

0.65 

0.64 

0.03 

0.00 

0.64 


0.08 

0.08 

0.09 

0.09 

0.09 

0.08 

0.00 


|Accelerometer  #3 

|Valley 


0.81 

0.80 

0.80 

0.79 

0.78 


-0.86 

-0.86 

-0.88 

-0.89 

-0.90 

Avg 

Variance 

-0.88 


|Defl.(mils)  | Norm.  Defl.  (mils/pl~ 


1.67 

0.01 

0.00 

1.67 


0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.00 

0.00 

0.10 


|Accelerometer  #3 

|Valley 


1.36 

1.64 

1.65 

1.66 


|Defl.(mils)  | Norm.  Defl.  (mils/pl~ 


Variance 

-1.81 


3.19 

3.50 

3.51 
3.51 
3.46 
3.43 
0.14 
0.02 
3.37 


0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.00 

0.00 

0.11 


Figure  127  -  Data  Summary  for  North  Run-Up  -  Center  Load  Point  -  Years  Il¬ 
ls 
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16-20  Years 

File  "H2" 

Load 

Accelerometer  #1 

Goal  |Start  (s) 

Stop  (s) 

IStart  (s) 

Apps.  | 

Peak 

Valley  | 

Peak 

Valley 

Defl.(mils)  | 

26,600  app.  (1330  s)  2805 

4150.0 

50  sec  intervals  3000 

151460 

7.59 

2.15 

0.43 

-0.35 

0.78 

@7.1  kips  Test  Time 

1345.0 

3200 

155460 

7.60 

2.18 

0.44 

-0.35 

0.79 

Total  Apps./Period 

26900 

3500 

161460 

7.56 

2.16 

0.43 

-0.36 

0.79 

Total  Apps./Overall 

174460 

3800 

167460 

7.51 

2.15 

0.41 

-0.35 

0.76 

4000 

171460 

7.52 

2.14 

0.39 

-0.34 

0.73 

Avg  Load 

7.56 

Avg 

0.77 

a 

0.04 

a 

0.03 

Variance 

0.00 

Variance 

0.00 

Avg  Reading  for  Entire  Test  Period 

7.52 

2.14 

0.42 

-0.35 

0.77 

%  inc 

Load 

Accelerometer  #1 

Goal  |Start  (s) 

Stop  (s) 

IStart  (s) 

Apps.  | 

Peak 

Valley  | 

Peak 

Valley 

Defl.(mils)  | 

12,100  app.  (605  s)  4230 

4848.0 

50  sec  intervals  4300 

175860 

16.83 

3.11 

1.15 

-1.19 

2.34 

@15.9  kips  Test  Time 

618.0 

4400 

177860 

16.86 

3.15 

1.12 

-1.20 

2.32 

Total  Apps./Period 

12360 

4500 

179860 

16.85 

3.12 

1.14 

-1.21 

2.35 

Total  Apps./Overall 

186820 

4600 

181860 

16.75 

3.21 

1.12 

-1.20 

2.32 

4700 

183860 

16.79 

3.12 

1.11 

-1.22 

2.33 

Avg  Load 

16.82 

Avg 

2.33 

0 

0.05 

a 

0.01 

Variance 

0.00 

Variance 

0.00 

Avg  Reading  for  Entire  Test  Period 

16.78 

3.14 

1.13 

-1.20 

2.33 

%  inc 

Load 

1  1 

Accelerometer  #1 

Goal  |Start  (s) 

IStop  (s) 

1  IStart  (s)  | 

|Apps.  | 

Peak 

|Valley  | 

Peak 

Valley 

Defl.(mils)  | 

10,400  app.  (520  s)  4945 

5450.0 

50  sec  intervals  4975 

187420 

31.67 

2.76 

2.10 

-2.49 

4.59 

@31 .6  kips  Test  Time 

505.0 

5075 

189420 

31.05 

4.06 

2.09 

-2.31 

4.40 

Total  Apps./Period 

10100 

5175 

191420 

31.07 

4.08 

2.07 

-2.32 

4.39 

Total  Apps./Overall 

196920 

5275 

193420 

31.13 

4.19 

2.10 

-2.31 

4.41 

5375 

195420 

31.21 

4.13 

2.07 

-2.34 

4.41 

Avg  Load 

31.23 

Avg 

4.44 

0 

0.26 

a 

0.08 

Variance 

0.07 

Variance 

0.01 

Avg  Reading  for  Entire  Test  Period 

31.04 

3.98 

2.06 

-2.33 

4.39 

%  inc 

Figure  128 


Data  Summary  for  North  Run-Up  -  Center  Load  Point  -  Years  16- 

20 


222 


Point  #8 


North  Run-Up  Edge 
File  "J1" - 


H -5  Years 


Load 

Accelerometer  #1 

Goal 

|Start  (s)  (Stop  (s) 

(Start  (s)  (Apps.  | 

Peak 

Valley  | 

Peak  |  Valley 

Defl.(mils)  | 

26,600  app.  (1330  s)  74 

@7.1  kips  Test  Time 

Total  Apps./Period 
Total  Apps./Overall 


1524.0  50  sec  intervals  200 

1450.0  400 

29000  700 

29000  1000 

1200 


Avg  Reading  for  Entire  Test  Period 


2520 
6520 
12520 
18520 
22520 

Avg  Load  7.84 

g  0.10 

Variance  0.01 

7.83  1.75 


8.01  1.69 

7.86  1.83 

7.81  1.78 

7.79  1.78 

7.75  1.80 


0.73  -0.67  1.40 

0.66  -0.64  1.30 

0.58  -0.60  1.18 

0.59  -0.59  1.18 

0.59  -0.58  1.17 

Avg  1.25 

a  0.10 

Variance  0.01 

0.61  -0.60  1.21 


Load 

Accelerometer  #1 

Goal  |Start  (s) 

Stop  (s) 

|Start  (s)  |Ap 

ps.  | 

Peak 

Valley  | 

Peak  |Valley 

Defl.(mils) 

12,100  app.  (605  s)  1625 

2238.0 

50  sec  intervals  1700 

30500 

16.43 

5.21 

1.23  -1.44 

2.67 

@15.9  kips  Test  Time 

613.0 

1800 

32500 

16.37 

5.26 

1.21  -1.44 

2.65 

Total  Apps./Period 

12260 

1900 

34500 

16.40 

5.21 

1.23  -1.48 

2.71 

Total  Apps./Overall 

41260 

2000 

36500 

16.37 

5.21 

1.21  -1.47 

2.68 

2100 

38500 

16.41 

5.41 

1.20  -1.48 

2.68 

Avg  Load 

16.40 

Avg 

2.68 

g 

0.03 

G 

0.02 

Variance 

0.00 

Variance 

0.00 

Avg  Reading  for  Entire  Test  Period 

16.43 

5.14 

1.22  -1.47 

2.69 

Load 

Accelerometer  #1 

Goal  |Start  (s)  |Stop  (s) 

|Start  (s)  |Ap 

ps.  | 

Peak 

Valley  | 

Peak  |Valley 

Defl.(mils) 

10,400  app.  (520  s)  2297  2817.0 

50  sec  intervals  2350 

42320 

31.07 

5.71 

2.89  -3.15 

6.04 

@31.6  kips  Test  Time  520.0 

2450 

44320 

32.03 

4.37 

3.04  -3.58 

6.62 

Total  Apps./Period  10400 

2550 

46320 

31.98 

4.33 

3.07  -3.57 

6.64 

Total  Apps./Overall  51660 

2650 

48320 

31.88 

4.29 

3.10  -3.57 

6.67 

2750 

50320 

31.83 

4.34 

3.10  -3.55 

6.65 

Avg  Load 

31.76 

Avg 

6.52 

a 

0.39 

G 

0.27 

Variance 

0.15 

Variance 

0.07 

Avg  Reading  for  Entire  Test  Period 

31.52 

4.88 

3.01  -3.41 

6.42 

Accelerometer  #2 

Accelerometer  #3 

Peak 

|Valley 

Defl.(mils) 

Norm.  Defl.  (mils/pl)|LT 

Peak 

|Valley 

Defl.(mils)  |Norm.  Defl.  (mils/pl) 

0.51 

-0.48 

0.99 

0.12 

70.71 

0.38  -0.39 

0.77 

0.10 

0.48 

-0.46 

0.94 

0.12 

72.31 

0.36  -0.36 

0.72 

0.09 

0.42 

-0.44 

0.86 

0.11 

72.88 

0.32  -0.36 

0.68 

0.09 

0.42 

-0.43 

0.85 

0.11 

72.03 

0.32  -0.35 

0.67 

0.09 

0.41 

-0.42 

0.83 

0.11 

70.94 

0.31  -0.34 

0.65 

0.08 

Avg 

0.87 

0.11 

69.82 

Avg 

0.70 

0.09 

<7 

0.05 

0.01 

a 

0.05 

0.00 

Variance 

0.00 

0.00 

Variance 

0.00 

0.00 

0.43 

-0.44 

0.87 

0.11 

0.33  -0.36 

0.69 

0.09 

Accelerometer  #2 

Accelerometer  #3 

Peak 

IValley 

Defl.(mils) 

Norm.  Defl.  (mils/pl)|LT 

Peak 

IValley 

Defl.(mils)  |Norm.  Defl.  (mils/pl) 

0.88 

-1.03 

1.91 

0.12 

71.54 

0.65  -0.80 

1.45 

0.09 

0.87 

-1.03 

1.90 

0.12 

71.70 

0.65  -0.79 

1.44 

0.09 

0.89 

-1.05 

1.94 

0.12 

71.59 

0.66  -0.80 

1.46 

0.09 

0.87 

-1.06 

1.93 

0.12 

72.01 

0.65  -0.80 

1.45 

0.09 

0.87 

-1.08 

1.95 

0.12 

72.76 

0.66  -0.82 

1.48 

0.09 

Avg 

1.93 

0.12 

71.92 

Avg 

1.46 

0.09 

(7 

0.02 

0.00 

n 

0.02 

0.00 

Variance 

0.00 

0.00 

Variance 

0.00 

0.00 

0.88 

-1.06 

1.94 

0.12 

0.66  -0.81 

1.47 

0.09 

Accelerometer  #2 

Accelerometer  #3 

Peak 

|Valley 

Defl. (mils)  [ 

Norm.  Defl.  (mils/pl)|LT 

Peak 

IValley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

2.19 

-2.28 

4.47 

0.14 

74.01 

1.66  -1.78 

3.44 

0.11 

2.15 

-2.62 

4.77 

0.15 

72.05 

1.56  -2.04 

3.60 

0.11 

2.19 

-2.62 

4.81 

0.15 

72.44 

1 .59  -2.04 

3.63 

0.11 

2.23 

-2.62 

4.85 

0.15 

72.71 

1.63  -2.04 

3.67 

0.12 

2.25 

-2.61 

4.86 

0.15 

73.08 

1 .64  -2.04 

3.68 

0.12 

Avg 

4.75 

0.15 

72.84 

Avg 

3.60 

0.11 

(7 

0.16 

0.00 

(7 

0.10 

0.00 

Variance 

0.03 

0.00 

Variance 

0.01 

0.00 

2.18 

-2.49 

4.67 

0.15 

1.61  -1.95 

3.56 

0.11 

Average  LT 

71.53 

Figure  129 


Data  Summary  for  North  Run-Up  -  Edge  Load  Point  -  Years  1-5 
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Load 

Accelerometer  #1 

Goal 

|Start  (s)  |Stop  (s) 

(Start  (s)  (Apps.  | 

Peak 

Valley  | 

Peak  |Valley 

Defl. (mils)  | 

26,600  app.  (1330  s)  2947 

7.1  kips  Test  Time 

Total  Apps./Period 
Total  Apps./Overall 


Load 

Accelerometer  #1 

Goal 

|Start  (s)  |Stop  (s) 

(Start  (s)  |Apps.  | 

Peak 

Valley  | 

Peak  |Valley 

Defl. (mils)  | 

4282.0 

1335.0 

26700 

78360 


50  sec  intervals 


3100  54720 
3300  58720 
3600  64720 
3900  70720 
4100  74720 


Avg  Reading  for  Entire  Test  Period 


8.14 

8.18 

8.32 

8.44 

8.52 

8.32 

0.16 

0.03 

8.31 


2.44 

2.39 

2.31 

2.18 

2.19 


0.65 

0.66 

0.70 

0.72 

0.69 


-0.68 
-0.67 
-0.66 
-0.71 
-0.69 
Avg 

Variance 

-0.69 


1.33 

1.33 

1.36 
1.43 
1.38 

1.37 
0.04 
0.00 


1 12, 100  app.  (605  s)  4350 

15.9  kips  Test  Time 

Total  Apps./Period 
Total  Apps./Overall 


4955.0 

605.0 

12100 


50  sec  intervals 


4400  79360 
4500  81360 
4600  83360 
4700  85360 
4800  87360 


Avg  Reading  for  Entire  Test  Period 


16.55 

16.65 

16.65 
16.67 

16.66 
16.64 

0.05 

0.00 

16.63 


3.03 

3.24 

3.37 
3.39 

3.38 


1.57 

1.55 

1.56 
1.53 
1.53 


-1.72 
-1.72 
-1.71 
-1.74 
-1.73 
Avg 

Variance 

-1.72 


3.29 

3.27 

3.27 

3.27 

3.26 

3.27 
0.01 
0.00 
3.26 


Load 

Accelerometer  #1 

Goal  |Start  (s)  |Stop  (s) 

|Start  (s)  |Ap 

ps.  | 

Peak 

Valley  | 

Peak  |Valley 

Defl. (mils) 

10,400  app.  (520  s)  5020  5540.0 

50  sec  intervals  5050 

91060 

31.61 

4.69 

2.95  -3.38 

6.33 

@31.6  kips  Test  Time  520.0 

5150 

93060 

31.85 

4.18 

3.09  -3.56 

6.65 

Total  Apps./Period  10400 

5250 

95060 

31.77 

4.04 

3.17  -3.58 

6.75 

Total  Apps./Overall  100860 

5350 

97060 

31.79 

4.06 

3.18  -3.53 

6.71 

5450 

99060 

31.70 

4.06 

3.21  -3.52 

6.73 

Avg  Load 

31.74 

Avg 

6.63 

0.09 

a 

0.17 

Variance 

0.01 

Variance 

0.03 

Avg  Reading  for  Entire  Test  Period 

31.75 

4.26 

3.12  -3.49 

6.61 

Accelerometer  #2 

Accelerometer  #3 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) \LTUS(%)  \ 

Peak  |Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

0.46 

0.47 

0.50 

0.52 

0.50 


-0.49 

-0.49 

-0.48 

-0.51 

-0.51 

Avg 


0.95 

0.96 

0.98 

1.03 

1.01 

1.00 

0.03 

0.00 

0.99 


0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.00 

0.00 

0.12 


71.43 

72.18 
72.06 
72.03 

73.19 
72.84 


|Accelerometer  #2 
<  iValley 


-1.24 

-1.23 

-1.22 

-1.22 

-1.23 

Avg 

Variance 

-1.23 


|Defl.(mils)  | Norm.  Defl.  (mils/pl)  |LTuS(,%J‘| 


2.37 

2.34 

2.34 

2.32 

2.34 

2.34 

0.02 

0.00 

2.34 


0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.00 

0.00 

0.14 


72.04 

71.56 

71.56 

70.95 

71.78 

71.58 


lAccelerometer  #2 


[Peak  |Valley  |Defl.(mils)  |Norm.  Defl.  (mils/pl)  |/-Tus/%)  | 

2.12  -2.44  4.56  0.14  72.04 

2.15  -2.57  4.72  0.15  70.98 

2.20  -2.59  4.79  0.15  70.96 

2.23  -2.56  4.79  0.15  71.39 

2.27  -2.55  4.82  0.15  71.62 

Avg  4.74  0.15  71.39 

<s  0.11  0.00 

Variance  0.01  0.00 

2.19  -2.53  4.72  0.15 

71.94 


0.34  -0.38  0.72 

0.35  -0.39  0.74 

0.37  -0.38  0.75 

0.39  -0.39  0.78 

0.38  -0.41  0.79 

Avg  0.76 

a  0.03 

Variance  0.00 

0.37  -0.39  0.76 


0.09 

0.09 

0.09 

0.09 

0.09 

0.00 

0.00 

0.09 


Accelerometer  #3 _ 

Peak  |Valley  |Defl.(mils)  |Norm.  Defl.  (mils/pl) 


0.83  -0.96  1.79 

0.83  -0.95  1.78 

0.84  -0.94  1.78 

0.83  -0.94  1.77 

0.83  -0.95  1.78 

Avg  1.78 

a  0.01 

Variance  0.00 

0.83  -0.94  1.77 


0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.00 

0.00 

0.11 


Accelerometer  #3 


| Peak  |Valley  |Defl.(mils)  |Norm.  Defl.  (mils/pl) 

1.61  -1.90  3.51  0.11 

1.56  -1.99  3.55  0.11 

1.59  -2.01  3.60  0.11 

1.63  -2.00  3.63  0.11 

1.66  -2.00  3.66  0.12 

Avg  3.59  0.11 

a  0.06  0.00 

Variance  0.00  0.00 

1.61  -1.97  3.58  0.11 


Figure  130  -  Data  Summary  for  North  Run-Up  -  Edge  Load  Point  -  Years  6-10 
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_ 

Load 

Accelerometer  #1 

|Goal 

|Start  (s)  |Stop  (s) 

|Start  (s)  |Apps.  | 

Peak 

IValley  | 

Peak  IValley 

Defl.(mils) 

|26,600  app.  (1330  s) 

7.1  kips  Test  Time 

Total  Apps./Period 
Total  Apps./Overall 


Goal 


1413.0 

1335.0 

26700 

127560 


50  sec  intervals 


103300 

107300 

113300 

119300 

123300 


Avg  Reading  for  Entire  Test  Period 


|Start  (s)  |Stop  (s)  | 


12,100  app.  (605  s)  1500 

@15.9  kips  Test  Time 

Total  Apps./Period 
Total  Apps./Overall 


2200.0 

700.0 

14000 

141560 


|Start  (s)  |Apps.  ~~j 

50  sec  intervals  1600  129560 

1700 
1800 
1900 
2000 


Avg  Reading  for  Entire  Test  Period 


iGoal 


|Start  (s)  | Stop  (s) 


10,400  app.  (520  s)  2340 

@31 .6  kips  Test  Time 

Total  Apps./Period 
Total  Apps./Overall 


2845.0 

505.0 

10100 

151660 


|start  (s)  |Apps.  ] 

50  sec  intervals  2375  142260 

2475 
2575 
2675 
2775 


144260 

146260 

148260 

150260 


Avg  Reading  for  Entire  Test  Period 


8.18 

8.16 

8.20 

8.19 
8.25 

8.20 
0.03 
0.00 
8.17 


2.45 

2.46 

2.44 

2.45 
2.41 


131560 

133560 

135560 

137560 


16.65 

16.60 

16.55 

16.57 
16.51 

16.58 
0.05 
0.00 


0.67 

0.64 

0.62 

0.62 

0.63 


-0.67 

-0.67 

-0.67 

-0.66 

-0.68 

Avg 

Variance 

-0.66 


1.34 

1.31 

1.29 

1.28 

1.31 

1.31 

0.02 

0.00 

1.29 


Load 

(valley  | 

Accelerometer  #1 

Peak 

Peak  |Valley 

1.46 

1.43 

1.42 

1.40 

1.40 


-1.67 

-1.65 

-1.65 

-1.65 

-1.64 


|Defl.(mils)  | 


Variance 

-1.65 


3.13 

3.08 

3.07 

3.05 

3.04 

3.07 

0.04 

0.00 

3.07 


] 

Load 

1 

Accelerometer  #1 

Peak 

IValley  | 

Peak  |Valley 

Defl.(mils)  | 

30.67 

1.63 

3.64  -3.70 

7.34 

30.85 

1.48 

3.77  -3.75 

7.52 

30.71 

1.71 

3.73  -3.75 

7.48 

33.16 

1.15 

3.86  -3.83 

7.69 

33.30 

1.19 

3.91  -3.94 

7.85 

Avg  Load 

31.74 

Avg 

7.58 

c 

1.36 

a 

0.20 

Variance 

1.86 

Variance 

0.04 

31.64 

1.61 

3.73  -3.76 

7.49 

Accelerometer  #2 

Accelerometer  #3 

Peak 

IValley 

Defl.(mils)  |Norm.  Defl 

(mils/pl)  |L7 

us  (%)  | 

Peak 

IValley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

0.48  -0.49 

0.97 

0.12 

72.39 

0.33  -0.27 

0.60 

0.07 

0.46  -0.49 

0.95 

0.12 

72.52 

0.34  -0.28 

0.62 

0.08 

0.45  -0.49 

0.94 

0.11 

72.87 

0.35  -0.30 

0.65 

0.08 

0.42  -0.48 

0.90 

0.11 

70.31 

0.36  -0.30 

0.66 

0.08 

0.44  -0.49 

0.93 

0.11 

70.99 

0.35  -0.30 

0.65 

0.08 

Avg 

0.93 

0.11 

71.21 

Avg 

0.64 

0.08 

o 

0.02 

0.00 

o 

0.03 

0.00 

Variance 

0.00 

0.00 

Variance 

0.00 

0.00 

0.45  -0.48 

0.93 

0.11 

0.35  -0.29 

0.64 

0.08 

Accelerometer  #2 

Accelerometer  #3 

Peak 

IValley 

Defl. (mils)  |Norm.  Defl 

(mils/pl)  |LT 

~( %n 

Peak 

|Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

1.03  -1.18 

2.21 

0.13 

70.45 

0.78  -0.94 

1.72 

0.10 

1.01  -1.17 

2.18 

0.13 

70.78 

0.76  -0.91 

1.67 

0.10 

1.00  -1.16 

2.16 

0.13 

70.36 

0.76  -0.93 

1.69 

0.10 

0.99  -1.16 

2.15 

0.13 

70.49 

0.75  -0.91 

1.66 

0.10 

0.98  -1.16 

2.14 

0.13 

70.39 

0.74  -0.91 

1.65 

0.10 

Avg 

2.17 

0.13 

70.49 

Avg 

1.68 

0.10 

o 

0.03 

0.00 

a 

0.03 

0.00 

Variance 

0.00 

0.00 

Variance 

0.00 

0.00 

1.00  -1.17 

2.17 

0.13 

0.76  -0.92 

1.68 

0.10 

Accelerometer  #2 

jDefl.(mils)  |Norm.  Defl. 

Accelerometer  #3 

Peak 

IValley 

(mils/pl)  |LT 

~ W] 

Peak 

(Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

2.42  -2.57 

4.99 

0.16 

67.98 

1 .79  -2.01 

3.80 

0.12 

2.50  -2.61 

5.11 

0.17 

67.95 

1.83  -2.02 

3.85 

0.12 

2.46  -2.60 

5.06 

0.16 

67.65 

1 .78  -2.01 

3.79 

0.12 

2.53  -2.67 

5.20 

0.16 

67.62 

1.92  -2.15 

4.07 

0.12 

2.56  -2.70 

5.26 

0.16 

67.01 

1.90  -2.14 

4.04 

0.12 

Avg 

5.12 

0.16 

67.63 

Avg 

3.91 

0.12 

o 

0.11 

0.00 

o 

0.13 

0.00 

Variance 

0.01 

0.00 

Variance 

0.02 

0.00 

2.46  -2.61 

5.07 

0.16 

1.82  -2.05 

3.87 

0.12 

Average  LT 

69.78 

Figure  131  -  Data  Summary  for  North  Run-Up  -  Edge  Load  Point  -  Years  11-15 
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16-20  Years 

File  "J2" 

Load 

Accelerometer  #1 

_ 

Goal  |Start  (s) 

Stop  (s) 

I  Start  (s)  |Apps.  | 

Peak 

Valley  | 

Peak 

|Valley 

Defl. (mils)  | 

26,600  app.  (1330  s)  2923 

4258.0 

50  sec  intervals  3100 

155200 

8.18 

2.42 

0.64 

-0.64 

1.28 

@7.1  kips  Test  Time 

1335.0 

3300 

159200 

8.21 

2.42 

0.64 

-0.63 

1.27 

Total  Apps./Period 

26700 

3600 

165200 

8.20 

2.46 

0.62 

-0.62 

1.24 

Total  Apps./Overall 

178360 

3900 

171200 

8.28 

2.38 

0.65 

-0.64 

1.29 

4100 

175200 

8.29 

2.36 

0.63 

-0.66 

1.29 

Avg  Load 

8.23 

Avg 

1.27 

a 

0.05 

a 

0.02 

Variance 

0.00 

Variance 

0.00 

Avg  Reading  for  Entire  Test  Period 

8.21 

2.41 

0.64 

-0.64 

1.28 

%  inc 

Load 

Accelerometer  #1 

_ 

Goal  |Start  (s) 

Stop  (s) 

|Start  (s)  |Apps.  | 

Peak 

Valley  | 

Peak 

|Valley 

Defl. (mils)  | 

12,100  app.  (605  s)  4320 

4925.0 

50  sec  intervals  4400 

179960 

16.68 

3.60 

1.43 

-1.65 

3.08 

@15.9  kips  Test  Time 

605.0 

4500 

181960 

16.66 

3.67 

1.38 

-1.62 

3.00 

Total  Apps./Period 

12100 

4600 

183960 

16.64 

3.72 

1.40 

-1.60 

3.00 

Total  Apps./Overall 

190460 

4700 

185960 

16.61 

3.72 

1.36 

-1.62 

2.98 

4800 

187960 

16.71 

3.65 

1.42 

-1.61 

3.03 

Avg  Load 

16.66 

Avg 

3.02 

a 

0.04 

a 

0.04 

Variance 

0.00 

Variance 

0.00 

Avg  Reading  for  Entire  Test  Period 

16.62 

3.61 

1.40 

-1.62 

3.02 

%  inc 

Load 

Accelerometer  #1 

_ 

Goal  |Start  (s) 

|Stop  (s) 

|Start  (s)  |Apps.  | 

Peak 

|Valley  | 

Peak 

|Valley 

Defl. (mils)  | 

10,400  app.  (520  s)  5005 

5525.0 

50  sec  intervals  5050 

191360 

32.41 

1.76 

3.63 

-3.80 

7.43 

@  31 .6  kips  Test  Time 

520.0 

5150 

193360 

31.55 

2.45 

3.32 

-3.65 

6.97 

Total  Apps./Period 

10400 

5250 

195360 

31.71 

2.25 

3.42 

-3.71 

7.13 

Total  Apps./Overall 

200860 

5350 

197360 

31.66 

2.23 

3.39 

-3.71 

7.10 

5450 

199360 

31.61 

2.25 

3.42 

-3.68 

7.10 

Avg  Load 

31.79 

Avg 

7.15 

a 

0.35 

a 

0.17 

Variance 

0.12 

Variance 

0.03 

Avg  Reading  for  Entire  Test  Period 

31.57 

2.32 

3.39 

-3.66 

7.05 

%  inc 

Accelerometer  #2 

Accelerometer  #3 

Peak  jValley 

Defl. (mils)  |Norm.  Defl.  (mils/pl)  |LTUS(%)  | 

Peak  |  Valley 

Defl. (mils)  |Norm.  Defl.  (mils/pl) 

0.44 

0.45 

0.43 

0.44 

0.44 


-0.46 

-0.45 

-0.44 

-0.46 

-0.48 


0.90 

0.87 

0.90 

0.92 

0.90 

0.02 

0.00 

0.90 


0.11 

0.11 

0.11 

0.11 

0.11 

0.11 
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Figure  132  -  Data  Summary  for  North  Run-Up  -  Edge  Load  Point  -  Years  16-20 
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Figure  133  -  Data  Summary  for  North  Run-Up  -  Corner  Load  Point  -  Years  1-5 
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Figure  135  -  Data  Summary  for  North  Run-Up  -  Corner  Load  Point 
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Appendix  J  -  Data  Adjustment  for  Taxiway  A6  Edge  Loading 

Scenario 


Due  to  the  difference  in  distance  of  the  first  accelerometer  from  the  load 
frame  for  the  Taxiway  A6  edge  loading  scenario,  an  adjustment  had  to  be  made  to 
bring  the  data  for  the  edge  loading  in  line  with  the  relationship  between  deflection  at 
the  center  and  comer  loading  scenarios.  To  determine  this  relationship,  the  slope  of 
the  line  determined  by  plotting  deflection  versus  load  was  listed  for  each  of  the  three 
different  locations.  A  percentage  difference,  among  the  three  different  loading 
scenarios  at  each  location,  was  determined  to  compare  center,  edge,  and  comer 
loading.  Table  J1  illustrates  the  slope  values  of  each  line  and  the  relationship  at  each 
location.  As  highlighted  in  Table  Jl,  the  edge  loading  scenario  at  Taxiway  A6  does 
not  fall  in  line  with  the  expected  trend  of  increasing  slope  for  the  order  center,  edge, 
and  comer  loading. 


Table  Jl  -  Relationship  of  Slope  Values  for  Deflection  Versus  Load 


Taxiway 

A6 

(Slope) 

Slope  (%) 

Slope 

Center  Slone 

Corner  Slope 

South 

Run-Up 

(Slope) 

Slope  (%) 

Slope 

%  Increase 

North 

Run-Up 

(Slope) 

Slope  (%) 

Slope 

%  Increase 

Center 

0.3933 

0.3880 

0.1357 

Edge 

0.3284 

g 

57.5 

0.5539 

70.0 

63.9 

0.2076 

65.8 

57.5 

Corner 

0.6837 

? 

0.6070 

91.3 

0.2359 

88.0 

In  order  to  determine  and  adjustment  factor  for  the  slope  of  the  edge  loading 
scenario  at  Taxiway  A6,  it  is  important  to  determine  trends  to  interpolate  values  for 
the  unknown  values  highlighted  in  Table  Jl.  The  percentage  of  the  “edge  slope”  over 
the  “comer  slope”  produced  similar  values  at  the  two  known  test  locations  at  the 
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South  and  North  Run-Up.  An  average  of  the  two  known  values  (91.3%,  88.0%)  was 
determined  as  89.7%.  This  percentage  was  applied  to  the  comer  loading  at  Taxiway 
A6,  giving  a  slope  value  of  0.61  for  the  edge  scenario.  The  same  process  was  then 
repeated  for  “center  slope”  over  the  “edge  slope.”  Again,  similar  values  were 
produced  at  the  two  known  test  locations  at  the  South  and  North  Run-Up.  An  average 
of  the  two  known  values  (70.0%,  65.8%)  was  determined  as  67.9%.  This  percentage 
was  applied  to  the  center  loading  at  Taxiway  A6,  giving  a  slope/slope  value  of  0.58 
for  the  edge  scenario.  This  value  was  then  averaged  with  the  first  interpolation  to 
produce  a  slope  value  of  0.60  for  the  edge  at  Taxiway  A6.  All  calculations  are 
summarized  in  Table  J2.  This  crude  interpolation  process  produced  data  which 
coincides  with  observed  trends.  As  seen  from  the  center  slope  over  corner  slope 
percentages  presented  in  Table  Jl,  the  order  of  highest  to  lowest  percentage  was 
South  Run-Up  followed  by  similar  values  at  Taxiway  A6  and  the  North  Run-Up. 

This  order  held  true  for  values  calculated,  with  percentage  values  highlighted  in  Table 
J2  exhibiting  the  same  sequence  from  highest  to  lowest  percentages. 


Table  J2  -  Interpolated  Values  for  Taxiway  A6 


Taxiway  A6 
(Slope) 

Slope  (%) 

Slope 

Center  Slone  (%) 

Corner  Slope 

Center 

0.3933 

Edge 

0.60 

65.6 

57.5 

s' 

Corner 

0.6837 

87.8 

Due  to  the  nature  of  interpolation,  the  slope  value  for  the  edge  loading 
scenario  was  left  in  limited  significant  figures.  Using  the  value  determine  (0.60)  and 
the  original  value  (0.3284).  A  scaling  factor  was  determined  by  dividing  the 
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determined  value  by  the  original  value.  An  approximate  scaling  factor  of  1.8  was 
then  used  to  scale  the  existing  data  for  the  edge  loading  scenario  at  Taxiway  A6. 
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Appendix  K  -  Normalized  Deflection  with  Applications  -  Taxiway 

A6  and  North  Run-Up 

Figures  K1  through  K6  show  the  relationship  of  normalized  deflection  with 
number  of  load  applications  for  the  Taxiway  A6  and  North  Run-Up.  These  figures 
combined  with  Figures  9.1 1  through  9.13  from  Section  9.2.2  complete  the 
presentation  of  the  aforementioned  relationship. 


Load/Accelerometer  Configuration 


o  Loading  #1  -  7.1  kips 
■  Loading  #2  - 15.9  kips 
a  Loading  #3  -  31.6  kips 


Total  Number  of  Applications 


Figure  K1  -  Variation  of  Average  Normalized  Deflections  with  Number  of  Load 
Applications:  North  Run-Up  -  Center  Load  Point 
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Load/Accelerometer  Configuration 
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Figure  K2  -  Variation  of  Average  Normalized  Deflections  with  Number  of  Load 
Applications:  North  Run-Up  -  Edge  Load  Point 


Load/Accelerometer  Configuration 


t 


o  Loading  #1  -  7.1  kips 
■  Loading  #2  - 15.9  kips 
a  Loading  #3  -  31.6  kips 


Total  Number  of  Applications 


Figure  K3  -  Variation  of  Average  Normalized  Deflections  with  Number  of  Load 
Applications:  North  Run-Up  -  Corner  Load  Point 
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Load/Accelerometer  Configuration 


Total  Number  of  Applications 

Figure  K4  -  Variation  of  Average  Normalized  Deflections  with  Number  of  Load 
Applications:  Taxiway  A6  -  Center  Load  Point 


Load/Accelerometer  Configuration 


0.90 


o  Loading  #1  -  7.1  kips 
■  Loading  #2  -  15.9  kips 
a  Loading  #3  -  31.6  kips 


0  20000  40000  60000  80000  100000  120000  140000  160000  180000  200000 

Total  Number  of  Applications 

Figure  K5  -  Variation  of  Average  Normalized  Deflections  with  Number  of  Load 
Applications:  Taxiway  A6  -  Edge  Load  Point 
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Average  Normalized  Deflections  (mils/peak  load) 


Load/Accelerometer  Configuration 
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o  Loading  #1  -  7.1  kips 
■  Loading  #2  - 15.9  kips 
a  Loading  #3  -  31 .6  kips 


0  20000  40000  60000  80000  100000  120000  140000  160000  180000  200000 


Total  Number  of  Applications 


Figure  K6  -  Variation  of  Average  Normalized  Deflections  with  Number  of  Load 
Applications:  Taxiway  A6  -  Corner  Load  Point 
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Appendix  L  -  PCASE  Computer  Program 


Pavement-Transportation  Computer  Assisted  Structural  Engineering  (PCASE) 
is  a  robust  program  developed  as  a  tri-service  effort  of  the  United  States  Army,  Air 
Force,  and  Navy.  The  program  is  a  computer-based  design  and  evaluation  tool, 
which  includes  rigid  and  flexible  airfield  and  road  design  (both  conventional  and 
layered  elastic  methodologies),  as  well  as  railroad  planning  and  design. 

In  using  this  computer  program  to  forecast  allowable  passes,  two  modules 
were  employed,  the  traffic  module  and  the  evaluation  module.  Prior  to  evaluating  the 
pavement  system,  specific  traffic  had  to  be  selected.  Three  aircraft  were  selected  to 
represent  the  three  load  levels  tested  during  the  20-year  equivalent  loading  cycle.  The 
following  three  aircraft  were  selected,  since  their  reported  weights  coincided  with 
range  of  representation  of  each  respective  load  level  (or  load  group). 

•  Load  Group  #1  -  BAe  Jetstream  MK3  1 1 ,48 1  lbs 

•  Load  Group  #2  -  DHC  Dash  7  33,000  lbs 

•  Load  Group  #3  -  BAe  146-100  6 1 ,994  lbs 

Once  the  Traffic  Module  was  established,  a  file  was  retrieved  in  the 

Evaluation  Module  and  the  parameters  (layer  type,  material  type,  modulus  of 
subgrade  reaction,  and  flexural  strength)  of  the  runway  were  established  in  the  Layer 
Manager.  Upon  completion  of  layer  selection,  the  analysis  was  run.  In  addition  to 
assessing  allowable  passes  for  the  three  representative  load  groups,  a  large-scale 
aircraft  (Boeing  747-400)  was  selected  to  replicate  loads,  which  were  not  directly 
tested  on  the  pavement  at  Meacham  Airport.  Results  were  summarized  and  included 
in  Chapter  10  in  Table  10.2. 
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